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Figure 2
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Figure 3
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Figure §
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Figure 6
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Figure 7
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Figure 8
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1. Compounds were given topically {(once a day for 14 days)
2. Compound 6 and Dexamethasone were dissolved in petrolatum + 5% of lauric acid
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Figure 9
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Figure 10
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Figure 11

Therapeutic effect (repeated dosing protocol)
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shaved abdomern both ears efficacy
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Notes

1. Repeated treatment protocol
- First treatment with drug under testing at the time of DNFB challenge, then once a day administration for 7 days.
«  Efficacy tested 24 hr after fast administration

2. Compound 6 and Dexametasone were dissolved in petrolatum + 5% of lauric acid and given topically
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Figure 12

Therapeutic effect (repeated dosing)
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Figure 13

Therapeutic effect (single dosing protocol)
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Notes
1. Single treatment protocol
. Drug under testing given at the time of DNFB challenge.
. Efficacy tested 24 hr later.
2. Compound 6 and Dexametasone were dissolved in petrolatum + 5% of lauric acid and given topically.
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Figure 14

Therapeutic effect (single dosing protocol)
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Figure 15

Preventive effect (repeated dosing protocol)
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Notes

1. Repeated treatment protocol
*  Firsttreatment after second DNFB sensitization. Then once a day, for 8 days. Last treatment at the challenge,
s Efficacy tested 24 hr fater

2. Compound 6 and Dexametasone were dissolved in petrolatum + 5% of lauric acid and given topically.
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Figure 16

Preventive effect (repeated dosing protocol)
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Figure 17

Therapeutic effect on immune response (single dosing protocol)
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Notes

1. Single treatment protocol
« Drug under testing was given at the time of DNFB challenge.
» Blood withdrawal 24 hr later.
2. Compound 6 was suspended in petrolatum + 5% of lauric acid and given topically.
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Figure 18
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Figure 19
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Figure 20
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Figure 21
IgE levels
single dosing protocol
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Figure 22

DNFB induced scratching

single dose protocol
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Notes
1. Single treatment protocol
»  Drug under testing was given at the time of DNFB challenge.
+ Efficacy measure was made in the 2hrs period after administration.
2. Compound 6, Dexametasone, Clobetasol and Promethazine were suspended in petrolatum + 5% of lauric
acid and given topically.
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Figure 23

Therapeutic effect on DNFB induced scratching
single dose protocol
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Figure 24

48-80 induced scratching

single dose protocol
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Notes
1. Single treatment protocol
* Drug under testing was given at the time of DNFB challenge.
« Efficacy measure was done in the 60 min period after drug administration.
2. Compound 6, Dexametasone and Clobetasol were suspended in petrolatum + 5% of lauric acid and given
topicatly.
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Figure 25
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1
DISUBSTITUTED BETA-LACTONES AS
INHIBITORS OF N-ACYLETHANOLAMINE
ACID AMIDASE (NAAA)

CROSS-REFERENCES TO RELATED
APPLICATIONS

This patent application claims the benefit of U.S. Provi-
sional Patent Application No. 61/562,862, filed Nov. 22,
2011, the contents of which are hereby incorporated herein by
reference in the entirety.

STATEMENT AS TO RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORED
RESEARCH AND DEVELOPMENT

This invention was made with Government support under
Grant No. DAO 12413, Awarded by the National Institutes of
Health. The Government has certain rights in this invention.

FIELD OF THE INVENTION

The present invention relates to compositions and methods
of inhibiting N-acylethanolamine acid amidase (NAAA) and
for the treatment and prevention of pain, inflammation, and
other disorders in which modulation of fatty acid ethanola-
mides is clinically relevant. The present invention also pro-
vides methods for preparing these compounds, and pharma-
ceutical compositions comprising these compounds.

BACKGROUND OF THE INVENTION

While there are numerous compositions and methods
known in the art to treat pain and inflammation, numerous
difficulties remain. Most significantly, side effects over long
administration periods and/or higher dosages often limit the
use of such drugs. For example, certain COX-2 inhibitors
have recently been implicated in adverse cardiovascular
events, while aspirin-type pain medication oftenincreases the
risk of intestinal bleeding. In other examples, ibuprofen and
acetaminophen tend to negatively impact hepatic function,
especially at higher dosages.

Ethanolamides of long-chain fatty acids, usually referred
to as N-acylethanolamines (NAEs), are present in numerous
lower and higher organisms, and mammals with a wide vari-
ety of functions. For example, anandamide, a polyunsaturated
fatty acid-type NAE, was demonstrated to have cannabimi-
metic activity and was reported to act as a ligand of TRPV1
(transient receptor potential vanilloid type 1). In contrast,
saturated and monounsaturated NAEs are inactive as ligands
of cannabinoid receptors. However, such compounds have
been reported to possess a variety of other biological activi-
ties. For example, N-oleoylethanolamine (OEA), a monoun-
saturated fatty acid-type NAE, was shown to be anorexic and
anti-inflammatory via the peroxisome proliferator-activated
receptor-a. (PPAR-a), and N-stearoylethanolamine, a satu-
rated fatty acid-type NAE, to be pro-apoptotic and anorexic.

N-palmitoylethanolamine (PEA), the naturally occurring
amide of palmitic acid and ethanolamine, is a member of the
saturated fatty acid-type NAE family. PEA has been shown to
inhibit peripheral inflammation and mast cell degranulation
(Mazzari et al., European Journal of Pharmacology 1996,
300, 227-36; Berdishev et al., Life Science 1998, 63, 125-129;
D’ Agostino et al., Journal of Pharmacology and Experimen-
tal Therapeutics 2007, 322, 1137-1143), as well as to exert
antinociceptive effects in rats and mice (Calignano et al.,
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Nature 1998,394,277-281; Calignano et al., European Jour-
nal of Pharmacology 2001, 419, 191-198).

These properties have been shown to be dependent on
PPAR-a expression, and PEA activates this nuclear receptor
with a potency comparable to the synthetic agonist WY 14,
643 (Lo Verme et al., Molecular Pharmacology 2005, 67,
15-19; Lo Verme et al., Journal of Pharmacology and Experi-
mental Therapeutics 2006,319, 1051-1061).

In the carrageenan-induced paw edema and phorbol ester-
induced ear edema models, PEA applied as a drug attenuates
inflammation in wild-type mice, but has no effect in mice
lacking PPAR-a. (see LoVerme et al., Molecular Pharmacol-
ogy 2005, 67, 15-19). PEA was also found to suppress pain
behaviors in mice induced by chemical tissue injury, nerve
damage, or inflammation (see LoVerme et al., Journal of
Pharmacology and Experimental Therapeutics 2006, 319,
1051-1061).

In addition to the pharmacological activities shown in ani-
mal models, PEA has been reported to attenuate skin inflam-
mation in humans (Kemeny et al., Skin Pharmacology and
Physiology 2007, 20, 155-161).

Activation of PPAR-a by selective receptor agonists could
be envisaged as a viable approach for the treatment of inflam-
matory and pain states. However, the prolonged clinical use
of PPAR-a agonists has been linked to serious adverse events,
which include oncogenesis, renal dysfunction, and cardiovas-
cular toxicity (Nissen et al., JAMA 2007, 297, 1362-1373).
Sustaining PEA and OEA signaling at PPAR-a by protecting
these lipid amides from degradation is envisaged as an alter-
native to direct PPAR-a activation by receptor agonists.

NAEs are a substrate of the N-acylethanolamine acid ami-
dase (NAAA), an enzyme that catalytically hydrolyzes the
NAE to ethanolamine and the corresponding fatty acid.
NAAA is a cysteine hydrolase that belongs to the N-terminal
nucleophile (Ntn) family of enzymes (Tsuboi et al., Journal
of Biological Chemistry 2005, 280, 11082-11092; Tsuboi et
al., Chemistry and Biodiversity 2007, 4, 1914-1925). NAAA
exhibits a substantial preference for PEA and OEA over other
NAEs. Therefore, inhibition of NAAA is expected to
decrease the inactivation and restore the levels of PEA and
OFEA in pathological conditions characterized by markedly
reduced concentrations of these signaling molecules.

Certain methods of treating pain and inflammation by
inhibiting NAAA have been disclosed in the Patent Applica-
tion WO2009/049238. Some compounds disclosed in
W02009/049238 have been shown to prevent the carrag-
eenan- and LPS-induced reduction in PEA levels in leuko-
cytes and RAW264.7 macrophages, respectively, and attenu-
ate inflammation and tissue damage produced in mice by
traumatic spinal cord injury (Solorzano et al., Proceedings of
the National Academy of Science USA 2009, 106, 20966-
20971; Solorzano et al., Journal of Medicinal Chemistry
2010, 53, 5770-5781).

The previously reported studies support the notion that
inhibition of NAAA can produce therapeutically useful
effects. Therefore, the identification of new and potent
NAAA inhibitors is needed in order to provide new therapeu-
tic agents for the treatment of pain and inflammation.

BRIEF SUMMARY OF THE INVENTION

The present invention provides compositions and methods
of inhibiting NAAA using small organic compounds. We
have now surprisingly discovered that the compounds repre-
sented by Formula I have improved potency and stability as
compared to NAAA inhibitors previously described.
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In a first aspect, the present invention provides compounds
of Formula I

Formula I
Ry R,
& 0
o I[IJI\ Ny
R3

wherein:

A represents O or S;

R, and R, independently represent H, an optionally substi-
tuted lower alkyl, an optionally substituted cycloalkyl, an
optionally substituted aryl, or when R, and R, are considered
together with the carbon to which they are linked they repre-
sent a cycloalkyl residue;

R, represents H or an optionally substituted alkyl;

X represents O, S, or NR,;

Y represents a bond, an optionally substituted alkyl, an
optionally substituted alkenyl, an optionally substituted alky-
nyl, an optionally substituted cycloalkyl, an optionally sub-
stituted heterocyclyl, ora group—(CR R ,),-Q-(CR R )),,,—;
wherein Q is O, S, or NR;

W represents H, an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl,
an optionally substituted cycloalkyl, a group —C(O)—Rs, or
agroup —(CRR,),—CR RR_;

R, represents H, an optionally substituted alkyl, an option-
ally substituted aryl, an optionally substituted heterocy-
clyl, or when considered together with Y and the nitro-
gen atom to which it is linked represents a heterocyclyl;

R, represents an optionally substituted aryl, an optionally
substituted heteroaryl, or an optionally substituted het-
erocyclyl;

Rg represents H, an optionally substituted alkyl, an option-
ally substituted aryl, or an optionally substituted hetero-
cyclyl;

R,, Ry, R, R, R,, Reand R, are independently selected
from the group consisting of H, halogen, an optionally
substituted alkyl, an optionally substituted cycloalkyl,
an optionally substituted heterocyclyl, or an optionally
substituted aryl;

nis an integer selected from the group consisting of 2, 3, 4,
or5;

m is an integer from O to 4;

p is an integer from 0 to 4;

or a pharmaceutically acceptable salt thereof.

In a second aspect, the present invention provides a phar-
maceutical composition comprising one or more compounds
of Formula I, as defined above, or a pharmaceutically accept-
able salt thereof, and pharmaceutically acceptable excipients,
carriers or diluents.

In a third aspect, the present invention provides a method
for modulating the levels of PEA and OEA in a subject by
administering a composition according to the invention. In
some embodiments, the present invention provides methods
for treating conditions associated with reduced levels of PEA
and OEA, including inflammation and pain, by administering
a therapeutically effective amount of a compound according
to the invention.

In a fourth aspect, the present invention provides methods
for preparing compounds of Formula I, as defined above,
through a process consisting of suitable synthetic transforma-
tions.
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In a fifth aspect, the present invention provides methods for
treating skin disorders or atopic dermatitis.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the effect of a compound according to the
invention in an animal model of UV-B irradiation in rats.

FIG. 2 shows the effect of a compound according to the
invention on a mouse model of contact dermatitis (DNFB
model).

FIG. 3 shows the effect of compound 6 on carrageenan-
induced paw edema. A time course of the effect is also
included. Compound 6 was administered ninety minutes after
carrageenan.

FIG. 4 shows that a topical administration of compound 6
dose-dependently reduces carrageenan-induced hyperalge-
sia. A time course of the effect is also included. Compound 6
was administered ninety minutes after carrageenan.

FIG. 5 shows that the anti-inflammatory effects on paw
edema and cutaneous hyperalgesia of a topical administration
of compound 6 are absent in mice lacking PPAR-a.. Com-
pound 6 was administered ninety minutes after carrageenan.

FIG. 6 shows that the anti-inflammatory effect of a topical
administration of compound 6 on paw edema is blocked by
PPAR-a antagonists, but not by CB,; or CB, cannabinoid
receptor antagonists. Antagonists (1 pg/paw) were adminis-
tered intraplantarly 60 minutes after carrageenan; compound
6 (30%) was given topically 90 minutes after carrageenan.

FIG. 7 shows that the anti-inflammatory effect of a topical
administration of compound 6 on cutaneous hyperalgesia is
blocked by PPAR-a antagonists, but not by CB, or CB,
receptor antagonists. Antagonists (1 pg/paw) were adminis-
tered intraplantarly 60 minutes after carrageenan; compound
6 (30%) was given topically 90 minutes after carrageenan.

FIG. 8 shows that repeated administration of dexametha-
sone, but not compound 6, causes skin atrophy (decrease of
ear thickness). Compounds were administered once a day for
fourteen days.

FIG. 9 shows that repeated administration of dexametha-
sone, but not compound 6, altered cellular architecture. The
histopathological analysis was conducted at day 14.

FIG. 10 shows that morphometric analysis of epidermal
thickness after repeated administration of compound 6 or
dexamethasone.

FIG. 11 shows the experimental protocol used to test the
therapeutic effect of compound 6 on established DNFB-in-
duced symptoms in mice (repeated dosing).

FIG. 12 shows that repeated administration of compound 6
reverses ear thickness increase in the DNFB model of derma-
titis in mice. The time of the onset of the effect depends upon
the dose.

FIG. 13 shows the experimental protocol used to test the
therapeutic effect of compound 6 on established DNFB-in-
duced symptoms in mice (single dosing).

FIG. 14 shows that a single administration of compound 6
reverses ear thickness increase in the DNFB model of derma-
titis in mice.

FIG. 15 shows the experimental protocol used to test the
prophylactic effect of compound 6 on DNFB-induced symp-
toms in mice (repeated dosing).

FIG. 16 shows that repeated administration of compound 6
prevents the development of DNFB-induced symptoms in
mice.

FIG. 17 shows the experimental protocol used to test the
therapeutic eftect of compound 6 on DNFB-induced dysregu-
lation of the immune response in mice (single dosing).
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FIG. 18 shows that topical administration of compound 6
reverses DNFB-induced IL.-4 increase through a PPAR-a
mediated effect.

FIG. 19 shows that topical administration of compound 6
reverses DNFB-induced IL-5 increase through a PPAR-a
mediated effect.

FIG. 20 shows that topical administration of compound 6
reverses DNFB-induced IFN-y decrease through a PPAR-a
mediated effect.

FIG. 21 shows that topical administration of compound 6
reverses DNFB-induced IgE increase through a PPAR-a
mediated effect.

FIG. 22 shows the experimental protocol used to test the
therapeutic effect of compound 6 (i.e., TSN1077) on DNFB-
induced scratching (single dosing).

FIG. 23 shows that topical administration of compound 6
prevents DNFB-induced scratching. Dexametasone and clo-
betasol increased scratching while promethazine was without
effect.

FIG. 24 shows the experimental protocol used to test the
therapeutic effect of compound 6 (i.e., TSN1077) on com-
pound 48/80-induced scratching in mice (single dosing).

FIG. 25 shows that topical administration of compound 6
prevents 48/80-induced scratching. Promethazine was effec-
tive while dexamethasone and clobetasol were without effect.

FIG. 26 shows that application of (S)-OOPP (0.1-10% w/v)
did not inhibit contact sensitivity response, whereas 0.1%
compound 6 produced a significant decrease in ear swelling.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to the Applicants’ discovery
that compounds represented by Formula I have improved
potency as inhibitors of NAAA coupled with higher chemical
stability as compared to those described in WO2009/049238.
Therefore, such compounds can more advantageously be
used for the treatment of various diseases associated with
reduced levels of PEA or OEA in an organ or body compart-
ment. Such compounds can also be used for the treatment of
various diseases benefiting from higher levels of PEA or
OEA.

DEFINITIONS

All technical and scientific terms used herein have the same
meaning as commonly understood by a person of ordinary
skill in the art, unless otherwise defined.

The following terms used in the specification and claims of
this application have the meaning specified hereunder, unless
otherwise defined.

The term “alkyl”, as used herein, indicates a saturated
aliphatic hydrocarbon radical, including straight chain and
branched chain radicals of 1 to 16 carbon atoms. More pref-
erably, an alkyl group has 1 to 12 carbon atoms. The term
“lower alkyl”, as used herein, refers to straight chain and
branched chain radicals of 1 to 6 carbon atoms. Non-limiting
examples of alkyl are, for instance, methyl, ethyl, propyl,
isopropyl, n-butyl, iso-butyl, tert-butyl, n-amyl, iso-amyl,
n-hexyl, n-heptyl, n-octyl and the like. Any alkyl group may
be unsubstituted or substituted by one or more substituents
independently selected from the group consisting of halogen,
trifluoromethyl, hydroxy, alkoxy, trifluoromethoxy, amino,
monoalkylamino, and dialkylamino

The term “alkenyl”, as used herein, indicates an alkyl
group, as defined herein, consisting of at least two carbon
atoms and containing at least one carbon-carbon double bond.
Representative examples include, but are not limited to, ethe-
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nyl, 1-propenyl, 2-propenyl, 1- or 2-butenyl, and the like. Any
alkenyl group may be unsubstituted or substituted by one or
more substituents independently selected from the group con-
sisting of halogen, trifluoromethyl, hydroxy, alkoxy, trifluo-
romethoxy, amino, monoalkylamino, or dialkylamino

The term “alkynyl”, as used herein, indicates an alkyl
group, as defined herein, consisting of at least two carbon
atoms and containing at least one carbon-carbon triple bond.
Representative examples include, but are not limited to, ethy-
nyl, 1-propynyl, 2-propynyl, f- or 2-butynyl, and the like. Any
alkynyl group may be unsubstituted or substituted by one or
more substituents independently selected from the group con-
sisting of halogen, trifluoromethyl, hydroxy, alkoxy, trifluo-
romethoxy, amino, monoalkylamino, or dialkylamino

The term “cycloalkyl”, as used herein, indicates a 3- to
7-membered all-carbon monocyclic ring, which may contain
one or more double bonds but does not have a completely
conjugated pi-electron system. Examples of cycloalkyl
groups include, without limitation, cyclopropane, cyclobu-
tane, cyclopentane, cyclopentene, cyclohexane, cyclohexene,
cyclohexadiene, and cycloheptane. A cycloalkyl group may
be unsubstituted or substituted by one to three substituents
independently selected from the group consisting of lower
alkyl, halogen, trifltuoromethyl, hydroxy, alkoxy, trifluo-
romethoxy, amino, monoalkylamino, or dialkylamino.

The term “aryl”, as used herein, indicates a hydrocarbon
consisting of a mono-, bi- or tricyclic ring system, wherein the
rings are fused together or linked to each other covalently and
at least one of the carbocyclic rings is aromatic. Not limiting
examples of aryl groups include, but are not limited to, phe-
nyl, alpha- or beta-naphthyl, 9,10-dihydroanthracenyl, inda-
nyl, fluorenyl, biphenyl and the like. An aryl group may be
unsubstituted or substituted by one to three substituents inde-
pendently selected from the group consisting of lower alkyl,
halogen, trifluoromethyl, hydroxy, alkoxy, trifftuoromethoxy,
amino, monoalkylamino, or dialkylamino

The term “heteroaryl”, as used herein, indicates a mono-,
bi- or tricyclic ring system containing from one to three
heteroatoms selected from nitrogen, oxygen and sulfur,
wherein the rings are fused together or linked to each other
covalently and at least one of the rings is aromatic. Not
limiting examples of heteroaryl groups include pyrrolyl,
furoyl, thiophenyl, imidazolyl, pyrazolyl, oxazolyl, isox-
azolyl, thiazolyl, isothiazolyl, indolyl, benzofuranyl, ben-
zothiophenyl, benzimidazolyl, benzopyrazolyl, benzox-
azolyl, benzoisoxazolyl, benzothiazolyl, benzoisothiazolyl,
triazolyl, oxadiazolyl, tetrazolyl, pyridyl, pyrazinyl, pyrim-
idinyl, pyridazinyl, quinolinyl, isoquinolinyl, quinazolinyl,
quinoxalinyl and the like. A heteroaryl group may be unsub-
stituted or substituted by one to three substituents indepen-
dently selected from the group consisting of lower alkyl,
halogen, trifluoromethyl, hydroxy, alkoxy, trifftuoromethoxy,
amino, monoalkylamino, or dialkylamino

The terms “heterocyclyl” or “heterocyclic ring”, as used
herein, mean a 3- to 7-membered, saturated or partially unsat-
urated carbocyclic ring wherein one or more carbon atoms are
independently replaced by nitrogen, oxygen and sulfur. The
heteroatom nitrogen and sulfur are optionally oxidized, and
the nitrogen atom(s) are optionally quaternized. Not limiting
examples of heterocyclyl groups include, for instance, radi-
cals derived from oxirane, aziridine, oxetane, azetidine, tet-
rahydrofuran, dihydrofuran, tetrahydrothiophene, dihy-
drothiophene,  pyrrolidine,  dihydropyrrole,  pyran,
dihydropyran, tetrahydropyran, tetrahydrothiopyran, piperi-
dine, pyrazoline, isoxazolidine, isoxazoline, thiazolidine,
thiazoline, isothiazoline, dioxane, piperazine, morpholine,
thiomorpholine, examethyleneimine, homopiperazine, and
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the like. A heterocyclyl group or a heterocyclic ring may be
unsubstituted or substituted by one to three substituents inde-
pendently selected from the group consisting of lower alkyl,
halogen, trifluoromethyl, hydroxy, alkoxy, trifftuoromethoxy,
amino, monoalkylamino, or dialkylamino.

The term “aromatic” refers to a moiety wherein the con-
stituent atoms make up an unsaturated ring system, all atoms
in the ring system are sp2 hybridized and the total number of
pi electrons is equal to 4n+2, wherein n is an integer.

The term “alkoxy”, as used herein, means an unsubstituted
or substituted alkyl chain linked to the remainder of the mol-
ecule through an oxygen atom. Examples of alkoxy include,
but are not limited to, methoxy, ethoxy, propyloxy, isopropy-
loxy, benzyloxy and the like.

The term “amino” means a —NH, radical.

The term “halogen”, as used herein, indicates fluorine (F),
chlorine (Cl), bromine (Br) or iodine (I).

The term “hydroxyl” means a —OH radical.

The term “monoalkylamino”, as used herein, represents an
amino group wherein one of the hydrogen atoms is substi-
tuted by an alkyl chain. Not limiting examples of monoalky-
lamino include methylamino, ethylamino, propylamino,
butylamino and the like.

The term “dialkylamino”, as used herein, represents an
amino group wherein both hydrogen atoms are substituted by
an alkyl chain. The two alkyl chains can be the same or
different. Not limiting examples of dialkylamino include
dimethylamino, diethylamino, dipropylamino, methylethy-
lamino, methylisopropylamino and the like.

The term “trifluoromethyl” means a —CF; radical.

The term “trifluoromethoxy” means a —OCF; radical.

In certain embodiments, the chemical groups and chemical
substituents which are described herein as being substituted
or optionally substituted may be substituted with, but are not
limited to being substituted with, methyl, ethyl, propyl, butyl,
iso-butyl, tert-butyl, n-amyl, iso-amyl n-heptyl, or n-octyl. In
some embodiments, the chemical groups and chemical sub-
stituents which are described herein as being substituted or
optionally substituted may be substituted with, but are not
limited to being substituted with methyl, benzyl, phenyl,
biphenyl, benzaldehyde, adamantyl, tert-butyl, one to four
halogen atoms, fluoro, chloro, iodo, bromo, phenoxy, benzy-
loxy, dimethyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclooc-
tyl, oxetanyl, isopropyl, cyclohexyloxy, benzo[d][1,3]diox-

olyl, 4-cyclohexyl-phenyl, 1,1'-biphenyl, 4-fluoro-1,1'-
biphenyl, thiophenyl, 3-phenylthiophene, or
cyclohexyloxybenzene.

In some embodiments, the chemical groups and chemical
substituents which are described herein as being substituted
or optionally substituted may be substituted with, but are not
limited to being substituted with biphenyl. In some other
embodiments, the chemical groups and chemical substituents
which are described herein as being substituted or optionally
substituted may be substituted with, but are not limited to
being substituted with unsubstituted biphenyl. In some
embodiments, the chemical groups and chemical substituents
which are described herein as being substituted or optionally
substituted may be substituted with, but are not limited to
being substituted with cyclohexyl. In some other embodi-
ments, the chemical groups and chemical substituents which
are described herein as being substituted or optionally sub-
stituted may be substituted with, but are not limited to being
substituted with tert-butyl. In some embodiments, the chemi-
cal groups and chemical substituents which are described
herein as being substituted or optionally substituted may be
substituted with, but are not limited to being substituted with
phenyl. In some embodiments, the chemical groups and
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chemical substituents which are described herein as being
substituted or optionally substituted may be substituted with,
but are not limited to being substituted with fluoro, chloro,
bromo, or iodo.

In some embodiments, the chemical groups and chemical
substituents which are described herein as being substituted
or optionally substituted may be substituted with, but are not
limited to being substituted with fluoro. In some embodi-
ments, the chemical groups and chemical substituents which
are described herein as being substituted or optionally sub-
stituted may be substituted with, but are not limited to being
substituted with chloro. In some embodiments, the chemical
groups and chemical substituents which are described herein
as being substituted or optionally substituted may be substi-
tuted with, but are not limited to being substituted with
bromo. In some embodiments, the chemical groups and
chemical substituents which are described herein as being
substituted or optionally substituted may be substituted with,
but are not limited to being substituted with iodo.

The compounds of the present invention may also include,
or optionally be substituted by, polycyclic groups. For
example, the compounds of the present invention may
include, or be substituted by, a bicyclic group such as, but not
limited to, biphenyl, napthyl, or benzo[d][1,3]dioxolyl. For
example, the compounds of the present invention may
include, or be substituted by, a tricyclic group such as, but not
limited to, anthrancenyl, phenanthracenyl, or adamantyl.
Compounds of the Invention

In a first aspect, the invention provides compounds for use
according to the invention. These compounds are compounds
of Formula I:

Formula I
A 0
JI\ Y
(@] N X/ \W
o
R3
wherein:

A represents O or S;

R, and R, independently represent H, an optionally substi-
tuted lower alkyl, an optionally substituted cycloalkyl, an
optionally substituted aryl, or when R, and R, are considered
together with the carbon to which they are linked they repre-
sent a cycloalkyl residue;

R; represents H or an optionally substituted alkyl;

X represents O, S, or NR,;

Y represents a bond, an optionally substituted alkyl, an
optionally substituted alkenyl, an optionally substituted alky-
nyl, an optionally substituted cycloalkyl, an optionally sub-
stituted heterocyclyl, ora group —(CR R ,),-Q-(CR R )),,—;
wherein Q is O, S, or NR;

W represents H, an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl,
an optionally substituted cycloalkyl, a group —C(O)—Rs, or
a group —(CR.R,),—CR.RR,.

R, represents H, an optionally substituted alkyl, an option-
ally substituted aryl, an optionally substituted heterocy-
clyl, or when considered together with Y and the nitro-
gen atom to which it is linked represents a heterocyclyl;

R represents an optionally substituted aryl, an optionally
substituted heteroaryl, or an optionally substituted het-
erocyclyl;
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Rg represents H, an optionally substituted alkyl, an option-
ally substituted aryl, or an optionally substituted hetero-
cyclyl;

R,, Ry, R, R, R,, Reand R, are independently selected
from the group consisting of H, halogen, an optionally
substituted alkyl, an optionally substituted cycloalkyl,
an optionally substituted heterocyclyl, or an optionally
substituted aryl;

n is an integer from 2 to 5 (i.e., nis 2, 3, 4, or 5);

mis aninteger from 0to 4 (i.e., m is selected from the group
consisting of 0, 1, 2, 3 and 4);

p is an integer selected from the group consisting of 0, 1, 2,
3, and 4.

or a pharmaceutically acceptable salt thereof.

Compounds of the present invention include those encom-

passed by Formula I, above, with the proviso that W is

7
LY

or

&

;
b

when 'Y is methyl or ethyl.

Certain compounds of the present invention include those
encompassed by Formula I, above, wherein W is phenyl.
Certain compounds of the present invention include those
encompassed by Formula I, above, wherein W is biphenyl.
Certain compounds of the present invention include those
encompassed by Formula I, above, wherein W is 4-cyclo-
hexylphenyl.

Certain compounds of the present invention include those
encompassed by Formula I, above, wherein Y—W is

]
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-continued

i

e

In some embodiments, the aryl group in Y—W can be sub-
stituted with 1-5 halogens selected from fluoro, chloro,
bromo, or iodo.

Compounds of the present invention include those encom-
passed by Formula I, above, with the proviso that W is phenyl
or benzyl when'Y is methyl or ethyl.
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Compounds of the present invention include those of For-
mula I, above, wherein Y is a five carbon linker.

Compounds of the present invention include those of For-
mula I, above, wherein W is phenyl substituted with methyl,
ethyl, propyl, phenyl, biphenyl, cyclohexyl, fluoro, chloro,
bromo, iodo, benzyl, benzyloxy, a fused 1,3-dioxolane ring, a
thiazole, thiophene, phenyl substituted with CF;, cyclohexy-
loxy, or phenoxy.

Compounds of Formula I containing a carbon-carbon
double bond can exist as E and Z geometric isomers. Geo-
metric isomers of compounds of Formula (I) containing one
or more carbon-carbon double bonds are within the scope of
the present invention.

Compounds of Formula I may contain one or more chiral
centers. Compounds containing one chiral center can occur as
single enantiomers or mixtures of the two enantiomers. Such
mixtures occur as racemates or racemic mixtures. Com-
pounds containing more than one chiral center can occur as
single enantiomers and pairs of enantiomers, and as stereoi-
somers which are not enantiomers, referred to as diastereoi-
somers. Compounds of Formula I are meant to encompass all
possible stereoisomers and mixtures thereof.

Some of the compounds described herein may exist with
different points of attachment of a hydrogen atom, referred to
as tautomers. Such an example may be a ketone and its enol
form known as keto-enol tautomers. The individual tautomers
as well as mixture thereof are encompassed by the Formula I.

The compounds of Formula I may have unnatural ratios of
atomic isotopes at one or more of their atoms. For example,
the compounds may be radiolabeled with isotopes such as
trittum or carbon-14. All isotopic variations of the com-
pounds of the present invention, whether radioactive or not,
are within the scope of the present invention

Compounds of Formula I may be isolated in the form of
their pharmaceutically acceptable acid addition salts, such as
the salts derived from inorganic and organic acids. The term
“pharmaceutically acceptable salts” refers to salts prepared
from pharmaceutically acceptable, non-toxic acids including
inorganic or organic acids. Such acids include hydrochloric,
sulfuric, phosphoric, glycolic, malic, maleic, tartaric, suc-
cinic, citric, malonic acid and the like.

The invention also encompasses active metabolites of
compounds of Formula I. Certain compounds of Formula I
are preferred for use according to the invention, as outlined
herein after.

Preferred compounds of Formula I are the compounds
wherein:

A represents O or S;

R, and R, independently represent H, an optionally substi-
tuted lower alkyl, an optionally substituted cycloalkyl, or an
optionally substituted aryl;

R; represents H;

X represents O or NR;;

Y represents a bond, an optionally substituted alkyl, an
optionally substituted alkenyl, an optionally substituted alky-
nyl, an optionally substituted cycloalkyl, an optionally sub-
stituted heterocyclyl, or a group—(CR R ,),-Q-(CR R ), —
wherein Q is as defined above;

W represents H, an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl,
an optionally substituted cycloalkyl, a group —C(O)—Rs, or
agroup —(CRR,),—CR RR_;

R, represents H, an optionally substituted alkyl, an option-
ally substituted aryl, an optionally substituted heterocy-
clyl, or when considered together with Y and the nitro-
gen atom to which it is linked represents a heterocyclyl;
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R represents an optionally substituted aryl, an optionally
substituted heteroaryl, or an optionally substituted het-
erocyclyl;

R represents H, an optionally substituted alkyl, an option-
ally substituted aryl, or an optionally substituted hetero-
cyclyl;

R, R,, R, R, R, Rrand R, are independently selected
from the group consisting of H, halogen, an optionally
substituted alkyl, an optionally substituted cycloalkyl,
an optionally substituted heterocyclyl, or an optionally
substituted aryl;

n is an integer selected from the group consisting of 2, 3, 4
and 5;

m is an integer selected from the group consisting of 0, 1,
2,3 and 4;

p is an integer selected from the group consisting of 0, 1, 2,
3,or4;

or a pharmaceutically acceptable salt thereof.

Other preferred compounds of Formula I are the com-
pounds wherein:
A represents O;
R, and R, independently represent H, an optionally substi-
tuted lower alkyl or an optionally substituted cycloalkyl;
R; represents H;
X represents O, or NR;
Y represents a bond, an optionally substituted alkyl, an
optionally substituted alkenyl, an optionally substituted
cycloalkyl, an optionally substituted heterocyclyl, or a group
—(CR,R,),-Q-(CR.R ), —
W represents H, an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl,
an optionally substituted cycloalkyl, a group —C(O)—Rs, or
agroup —(CR.R,),—CR RR_;
R, represents H, an optionally substituted alkyl, or an
optionally substituted aryl;
R represents an optionally substituted aryl, or an option-
ally substituted heteroaryl;
R.. Ry R, R, R, Rrand R, are independently selected
from the group consisting of H, halogen, an optionally
substituted alkyl, an optionally substituted cycloalkyl,
an optionally substituted heterocyclyl, or an optionally
substituted aryl;
n is an integer from 2 to 4;
m is an integer from 0 to 3;
p is an integer from O to 3;
or a pharmaceutically acceptable salt thereof.

Further preferred compounds of Formula I are the com-
pounds wherein:
A represents O;
One of R, and R, represents H and the other represents a
lower alkyl;
R; represents H;
X represents O;
Y represents a bond, an optionally substituted alkyl, an
optionally substituted alkenyl, an optionally substituted
cycloalkyl, or a group —(CR_R,),-Q-(CR_R),,—;
W represents H, an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl,
an optionally substituted cycloalkyl, a group —C(O)—Rs, or
a group —(CR.R)p-CR. R R_;

R, represents an optionally substituted aryl, or an option-
ally substituted heteroaryl;

R, R,, R, R, R, Rrand R, are independently selected
from the group consisting of H, halogen, an optionally
substituted alkyl, an optionally substituted cycloalkyl,
an optionally substituted heterocyclyl, or an optionally
substituted aryl;



US 9,353,075 B2

13

n is an integer from 2 to 4 (i.e., 2, 3, or 4);

m is an integer from 0 to 3 (i.e., 0, 1, 2, 3);

p is an integer selected from the group consisting of 0, 1, 2,
3,or4;

or a pharmaceutically acceptable salt thereof.

Most preferred compounds of Formula I are the com-

pounds wherein:

A represents O;

One of R, and R, represents H and the other represents
methyl;

R, represents H;

X represents O;

Y represents a bond, an optionally substituted alkyl, an
optionally substituted alkenyl, an optionally substituted
cycloalkyl, an optionally substituted heterocyclyl, or a group
—(CR,R,),-Q-(CRR,),—

W represents H, an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted cycloalkyl, a
group —C(O)—R;;, or a group —(CR_R,),—CR.RR;

R, represents an optionally substituted aryl, or an option-

ally substituted heteroaryl;

R, R, R, R, R, Rrand R, are independently selected
from the group consisting of H, an optionally substituted
alkyl, an optionally substituted cycloalkyl, or an option-
ally substituted aryl;

n is an integer from 2 to 4;

m is an integer selected from O, 1, 2, or 3;

p is a integer selected from 0, 1, 2, or 3;

or a pharmaceutically acceptable salt thereof.

In preferred embodiments of any of'the above m is 0, and n
is,2,30r4;ormislandnis2,3,or4;ormis2andnis 2,
3, or 4. In further of each of these preferred embodiments, p is
0, 1, 2, or 3. In still further embodiments of each of these
embodiments, Q is O. In yet still further of any of the above
embodiments, A is O. In still further additional embodiments,
Xis O.

In some embodiments of the compounds of formula I, m is
0,andnis, 2,3 0or4;ormis 1 andnis 2,3, or4;ormis 2 and
nis 2, 3, or 4. In further of each of these preferred embodi-
ments, pis 0, 1,2, or 3. In still further embodiments of each of
these embodiments, Q is O or NR;. In yet still further of any
of the above embodiments, A is O. In still further additional
embodiments, X is O or NR,.

In still further embodiments of any of the above, W is an
optionally substituted cycloalkyl (e.g., optionally substituted
cyclohexyl, cyclopentyl, cycloheptyl). In other embodiments
W is an optionally substituted phenyl or biphenyl. In still
further embodiments, W is a cycloalkyl (e.g., cyclohexyl,
cyclopentyl, cycloheptyl), phenyl, or biphenyl that is unsub-
stituted.

In some embodiments of the compounds of Formula I:

A represents O or S;

R, and R, independently represent H, an unsubstituted lower
alkyl, unsubstituted cycloalkyl, or an unsubstituted aryl, or
when R, and R, are considered together with the carbon to
which they are linked they represent a cycloalkyl residue;
R; represents a substituted alkyl;

X represents O, S, or NR,;

Y represents a bond, an unsubstituted alkyl, an unsubstituted
alkenyl, an unsubstituted alkynyl, an unsubstituted
cycloalkyl, an unsubstituted heterocyclyl, or a group
—(CR_R,),-Q-(CR_R),,—; wherein Q is O, S, or NR,

W represents H, an unsubstituted aryl, an unsubstituted het-
eroaryl, an unsubstituted heterocyclyl, an unsubstituted
cycloalkyl, a group —C(O)—Rs, or a group —(CR_R,),—
CR.RR,.
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R, represents H, an unsubstituted alkyl, an unsubstituted
aryl, an unsubstituted heterocyclyl, or when considered
together with Y and the nitrogen atom to which it is
linked represents a heterocyclyl;

Rs represents an unsubstituted aryl, an unsubstituted het-
eroaryl, or an unsubstituted heterocyclyl;

R, represents H, an unsubstituted alkyl, an unsubstituted
aryl, or an unsubstituted heterocyclyl;

R, R,, R, R, R, Rand R, are independently selected
from the group consisting of H, halogen, an unsubsti-
tuted alkyl, an unsubstituted cycloalkyl, an unsubsti-
tuted heterocyclyl, or an optionally unsubstituted aryl;

nis an integer from 2 to 5 (i.e., nis 2, 3, 4, or 5);

mis aninteger from Oto 4 (i.e., m is selected from the group
consisting 0of 0, 1, 2, 3 and 4);

p is an integer selected from the group consisting of 0, 1, 2,
3, and 4.

or a pharmaceutically acceptable salt thereof.

In some embodiments of the compounds of Formula I:
A represents O or S;
R, and R, independently represent H, a substituted lower
alkyl, a substituted cycloalkyl, or a substituted aryl, or when
R, and R, are considered together with the carbon to which
they are linked they represent a cycloalkyl residue;
R; represents H or an unsubstituted alkyl;
X represents O, S, or NR,;
Y represents a bond, a substituted alkyl, a substituted alkenyl,
a substituted alkynyl, a substituted cycloalkyl, a substituted
heterocyclyl, or a group —(CR,R,),-Q-(CR.R,),—;
wherein Q is O, S, or NR,
W represents H, an unsubstituted aryl, an unsubstituted het-
eroaryl, an unsubstituted heterocyclyl, an unsubstituted
cycloalkyl, a group —C(O)—Rs, or a group —(CR_R,),—
CR.RR,.

R, represents H, an unsubstituted alkyl, an unsubstituted
aryl, an unsubstituted heterocyclyl, or when considered
together with Y and the nitrogen atom to which it is
linked represents a heterocyclyl;

Rs represents an unsubstituted aryl, an unsubstituted het-
eroaryl, or an unsubstituted heterocyclyl;

R represents H, an unsubstituted alkyl, an unsubstituted
aryl, or an unsubstituted heterocyclyl;

R.. Ry R, R, R, Reand R, are independently selected
from the group consisting of H, halogen, an unsubsti-
tuted alkyl, an unsubstituted cycloalkyl, an unsubsti-
tuted heterocyclyl, or an optionally unsubstituted aryl;

nis an integer from 2 to 5 (i.e., nis 2, 3, 4, or 5);

mis aninteger from Oto 4 (i.e., m is selected from the group
consisting 0of 0, 1, 2, 3 and 4);

p is an integer selected from the group consisting of 0, 1, 2,
3, and 4.

or a pharmaceutically acceptable salt thereof.

In some embodiments of the compounds of Formula I:
A represents O or S;
R, and R, independently represent H, an unsubstituted lower
alkyl, unsubstituted cycloalkyl, or an unsubstituted aryl, or
when R, and R, are considered together with the carbon to
which they are linked they represent a cycloalkyl residue;
R; represents H or an unsubstituted alkyl;
X represents O, S, or NR,;
Y represents a bond, an unsubstituted alkyl, an unsubstituted
alkenyl, an unsubstituted alkynyl, an unsubstituted
cycloalkyl, an unsubstituted heterocyclyl, or a group
—(CR_R,),-Q-(CR_R,),—:; wherein Q is O, S, or NRg,
W represents H, a substituted aryl, a substituted heteroaryl, a
substituted heterocyclyl, a substituted cycloalkyl, a group
—C(0)—R;, ora group —(CR R),—CR.RR,.
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R, represents H, an unsubstituted alkyl, an unsubstituted
aryl, an unsubstituted heterocyclyl, or when considered
together with Y and the nitrogen atom to which it is
linked represents a heterocyclyl;

R, represents an unsubstituted aryl, an unsubstituted het-
eroaryl, or an unsubstituted heterocyclyl;

Rg represents H, an unsubstituted alkyl, an unsubstituted
aryl, or an unsubstituted heterocyclyl;

R,, Ry, R, R, R, Reand R, are independently selected
from the group consisting of H, halogen, an unsubsti-
tuted alkyl, an unsubstituted cycloalkyl, an unsubsti-
tuted heterocyclyl, or an optionally unsubstituted aryl;

n is an integer from 2 to 5 (i.e., nis 2, 3, 4, or 5);

mis aninteger from 0to 4 (i.e., m is selected from the group
consisting of 0, 1, 2, 3 and 4);

p is an integer selected from the group consisting of 0, 1, 2,
3, and 4.

or a pharmaceutically acceptable salt thereof.

In some embodiments of the compounds of Formula I:
A represents O or S;
R, and R, independently represent H, an unsubstituted lower
alkyl, unsubstituted cycloalkyl, or an unsubstituted aryl, or
when R, and R, are considered together with the carbon to
which they are linked they represent a cycloalkyl residue;
R, represents H or an unsubstituted alkyl;
X represents O, S, or NR,;
Y represents a bond, an unsubstituted alkyl, an unsubstituted
alkenyl, an unsubstituted alkynyl, an unsubstituted
cycloalkyl, an unsubstituted heterocyclyl, or a group
—(CR_R,),-Q-(CR_R ), —:; wherein Q is O, S, or NRg,
W represents H, an unsubstituted aryl, an unsubstituted het-
eroaryl, an unsubstituted heterocyclyl, an unsubstituted
cycloalkyl, a group —C(O)—Rs, or a group —(CR_R,),—
CR.RR,.

R, represents H, a substituted alkyl, a substituted aryl, a
substituted heterocyclyl, or when considered together
with Y and the nitrogen atom to which it is linked rep-
resents a heterocyclyl;

Rs represents an unsubstituted aryl, an unsubstituted het-
eroaryl, or an unsubstituted heterocyclyl;

Rg represents H, an unsubstituted alkyl, an unsubstituted
aryl, or an unsubstituted heterocyclyl;

R, R, R, R, R, R-and R, are independently selected
from the group consisting of H, halogen, an unsubsti-
tuted alkyl, an unsubstituted cycloalkyl, an unsubsti-
tuted heterocyclyl, or an optionally unsubstituted aryl;

n is an integer from 2 to 5 (i.e., nis 2, 3, 4, or 5);

mis aninteger from 0to 4 (i.e., m is selected from the group
consisting of 0, 1, 2, 3 and 4);

p is an integer selected from the group consisting of 0, 1, 2,
3, and 4.

or a pharmaceutically acceptable salt thereof.

In some embodiments of the compounds of Formula I:
A represents O or S;
R, and R, independently represent H, an unsubstituted lower
alkyl, unsubstituted cycloalkyl, or an unsubstituted aryl, or
when R, and R, are considered together with the carbon to
which they are linked they represent a cycloalkyl residue;
R; represents H or an unsubstituted alkyl;
X represents O, S, or NR;
Y represents a bond, an unsubstituted alkyl, an unsubstituted
alkenyl, an unsubstituted alkynyl, an unsubstituted
cycloalkyl, an unsubstituted heterocyclyl, or a group
—(CR_R,),-Q-(CR_R ), —:; wherein Q is O, S, or NRg,
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W represents H, an unsubstituted aryl, an unsubstituted het-
eroaryl, an unsubstituted heterocyclyl, an unsubstituted
cycloalkyl, a group —C(O)—Rs, or a group —(CR_R,)),—
CR.RR,.

R, represents H, an unsubstituted alkyl, an unsubstituted
aryl, an unsubstituted heterocyclyl, or when considered
together with Y and the nitrogen atom to which it is
linked represents a heterocyclyl;

Rs represents an unsubstituted aryl, an unsubstituted het-
eroaryl, or an unsubstituted heterocyclyl;

R, represents H, a substituted alkyl, a substituted aryl, ora
substituted heterocyclyl;

R, Ry R, R, R, Rrand R, are independently selected
from the group consisting of H, halogen, an unsubsti-
tuted alkyl, an unsubstituted cycloalkyl, an unsubsti-
tuted heterocyclyl, or an optionally unsubstituted aryl;

nis an integer from 2 to 5 (i.e., nis 2, 3, 4, or 5);

mis aninteger from Oto 4 (i.e., m is selected from the group
consisting 0of 0, 1, 2, 3 and 4);

p is an integer selected from the group consisting of 0, 1, 2,
3, and 4.

or a pharmaceutically acceptable salt thereof.
Particularly preferred compounds of Formula I are the

following:

1. Pentyl-[(2S,3R)-2-methyl-4-oxooxetan-3-yl]-carbamate;

2. Octyl-[(28,3R)-2-methyl-4-oxooxetan-3-yl]-carbamate;

3. 3-Phenylpropyl-[(2S,3R)-2-methyl-4-oxooxetan-3-yl]-
carbamate;

4. 4-Phenylbutyl-[(2S,3R)-2-methyl-4-oxooxetan-3-yl]-car-
bamate;

5. 5-Phenylpentyl-[(2S,3R)-2-methyl-4-oxooxetan-3-yl]-
carbamate;

6.  7-Phenylheptyl-N-[(2S,3R)-2-methyl-4-ox0-oxetan-3-
yl]-carbamate;

7. 3-Benzyloxypropyl-N-[(2S,3R)-2-methyl-4-oxo0-oxetan-
3-yl]-carbamate;

8. 4-Cyclohexylbutyl-N-[(2S,3R)-2-methyl-4-ox0-oxetan-3-
yl]-carbamate;

9. (4-Phenylphenyl)methyl-N-[(2S,3R)-2-methyl-4-0x0-0X-
etan-3-yl]-carbamate;

10.  [(1S)-1-Methyloctyl]-N-[(2S,3R)-2-methyl-4-0x0-0%-
etan-3-yl]-carbamate;

11. (15) and (1R)-1-(4-Phenylphenyl)-ethyl-N-[(2S,3R)-2-
methyl-4-0x0-oxetan-3-yl|-carbamate;

12. (1R) and [(1S)-1-Methyl-5-phenyl-pentyl]-N-[(2S,3R)-
2-methyl-4-oxo-oxetan-3-yl]-carbamate;

13.  (1,1-Dimethyl-5-phenyl-pentyl)-N-[(2S,3R)-2-methyl-
4-oxo0-oxetan-3-yl]-carbamate;

14.  (4-Benzyloxyphenyl)-N-[(2S,3R)-2-methyl-4-0x0-0%-
etan-3-yl]-carbamate;

15. [3-(4-Phenylbutyl)oxetan-3-y1]-N-[(2S,3R)-2-methyl-4-
oxo-oxetan-3-yl]-carbamate;

16. (1-Methylcyclohexyl)-[(2S,3R)-2-methyl-4-oxo0-oxetan-
3-yl]-carbamate;

17.  2-(4-Methylphenyl)ethyl-[(2S,3R)-2-methyl-4-0x00%-
etan-3-yl]-carbamate;

18.  (1-Benzoyl-4-piperidyl)-N-[(2S,3R)-2-methyl-4-oxo-
oxetan-3-yl|-carbamate;

19. 4-Methyltetrahydropyran-4-y1)-N-[(2S,3R)-2-methyl-4-
oxo-oxetan-3-yl]-carbamate;

20. Tricyclo[3.3.1.1%*7]dec-1-y1[(2S,3R)-2-methyl-4-ox00x-
etan-3-yl]-carbamate;

21. (3-Phenylphenyl)-methyl-N-[(2S,3R)-2-methyl-4-oxo-
oxetan-3-yl|-carbamate;

22. 5-(4-Fluorophenyl)-pentyl-N-[(2S,3R)-2-methyl-4-oxo-
oxetan-3-yl|-carbamate;
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23. (2,2-Dimethyl-4-phenyl-butyl)-N-[(2S,3R)-2-methyl-4-
oxo-oxetan-3-yl]-carbamate;

24. (1-Benzyl-4-piperidyl)-N-[(28,3R)-2-methyl-4-0x0-0x-
etan-3-yl]-carbamate;

25. (1-Methylcyclopentyl) N-[(2S,3R)-2-methyl-4-0x0-0x-
etan-3-yl]-carbamate;

26.  tert-Butyl-N-[(25*,3R*)-2-ethyl-4-ox0-oxetan-3-yl]-
carbamate;

27. tert-Butyl-N-[ (25*,38*)-2-ethyl-4-0x0-0oxetan-3-yl|-car-
bamate;

28.  (3-Butyloxetan-3-y1)-N-[(28,3R)-2-methyl-4-0x0-0x-
etan-3-yl]-carbamate;

29.  5-Cyclohexylpentyl-N-[(2S,3R)-2-methyl-4-0x0-0X-
etan-3-yl]-carbamate;

30.  6-phenylhexyl-N-[(2S,3R)-2-methyl-4-ox0-0oxetan-3-
yl]-carbamate;

31. Phenethyl-N-[(2S,3R)-2-methyl-4-0x0-0oxetan-3-yl]-car-
bamate;

32. 5-Phenylpentyl-N-[(2S,3 S)-2-methyl-4-oxooxetan-3-
yl]-carbamate;

33. (R,Z) and (S,E)-(4-Benzylidenecyclohexyl)-N-[(2S,3R)-
2-methyl-4-oxooxetan-3-yl]-carbamate;

34.(1s,4S) and (1r,4R)-(4-Benzylcyclohexyl)-N-[(2S,3R)-2-
methyl-4-oxooxetan-3-yl]-carbamate;

35.  Cyclohexyl-N-[(2S,3R)-2-methyl-4-oxooxetan-3-yl]-
carbamate;

36. (1-Isopropyl-5-phenyl-pentyl)-N-[(2S,3R)-2-methyl-4-
oxo-oxetan-3-yl]-carbamate;

37. 2-Phenethyloxyethyl N-[(2S,3R)-2-methyl-4-0x0-0%-
etan-3-yl]carbamate;

38. 5-Phenylpentyl-N-[(2R,3 S)-2-methyl-4-ox0-0oxetan-3-
yl]-carbamate;

39. 5-Phenylpentyl-N-[(2R,3R)-2-methyl-4-ox0-oxetan-3-
yl]-carbamate;

40.  Hexyl-N-[(2S,3R)-2-methyl-4-0x0-0oxetan-3-yl|-car-
bamate;

41.  Heptyl-N-[(2S,3R)-2-methyl-4-0x0-0oxetan-3-yl]-car-
bamate;

42. 5-Phenylpentyl-N-methyl-N-[(2S,3R)-2-methyl-4-oxo-
oxetan-3-yl]-carbamate;

43. (4-Cyclohexylphenyl)-methyl-N-[(2S,3R)-2-methyl-4-
oxo-oxetan-3-yl]-carbamate;

44. 1,3-Benzodioxol-5-yl-methyl-N-[(2S,3R)-2-methyl-4-
oxo-oxetan-3-yl]-carbamate;

45. [4-[4-(Trifluoromethyl)-phenyl]-phenyl]-methyl-N-
[(28,3R)-2-methyl-4-ox0-0xetan-3-yl]-carbamate;

46. [4-(3-Thienyl)-phenyl]-methyl-N-[(2S,3R)-2-methyl-4-
oxo-oxetan-3-yl]-carbamate;

47.  [4-(Cyclohexoxy)-phenyl]-methyl-N-[(2S,3R)-2-me-
thyl-4-oxo0-oxetan-3-yl]-carbamate;

48. 5-Phenylpentyl-N-[(2R* ,3R*)-2-ethyl-4-0x0-0xetan-3-
yl]-carbamate;

49. (4-Phenylphenyl)-methyl-N-[(2R* 3R*)-2-ethyl-4-oxo-
oxetan-3-yl]-carbamate;

50. 5-Phenylpentyl-N-[(2S* 3R *)-2-ethyl-4-0x0-0xetan-3-
yl]-carbamate;

51. (4-Phenylphenyl)-methyl-N-[(2S*,3R*)-2-ethyl-4-0x0-
oxetan-3-yl]-carbamate;

52.  5-Phenylpentyl-N-[(2R*,3R *)-2-isopropyl-4-0x0-0X-
etan-3-yl]-carbamate;

53. (4-Phenylphenyl)-methyl-N-[(2R* 3R *)-2-isopropyl-4-
oxo-oxetan-3-yl]-carbamate;

54.  5-Phenylpentyl-N-[(2S*,3R*)-2-isopropyl-4-0x0-0x-
etan-3-yl]-carbamate;

55. (4-Phenylphenyl)-methyl-N-[(2S* 3R *)-2-isopropyl-4-
oxo-oxetan-3-yl]-carbamate;
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56.  (1,1-Dimethyl-5-phenyl-pentyl)-N-[ (2R *,3R *)-2-is0-
propyl-4-oxo-oxetan-3-yl]-carbamate;

57.  5-Phenylpentyl-N-[(2R* ,3R*)-2-tert-butyl-4-0x0-0x-
etan-3-yl]-carbamate;

58. (4-Phenylphenyl)-methyl-N-[(2R*,3R*)-2-tert-butyl-4-
oxo-oxetan-3-yl]-carbamate;

59.  5-Phenylpentyl-N-[(2S* 3R*)-2-tert-butyl-4-0x0-0x-
etan-3-yl]-carbamate; and

60. (4-Phenylphenyl)-methyl-N-[(2S* 3R *)-2-tert-butyl-4-
oxo-oxetan-3-yl]-carbamate.

Preferred compounds of Formula I also include com-
pounds encompassed by the following Formula IX-LX,
wherein the substituents in these Formula are as defined in
this application.

Formula IX

Formula X

Formula XI

Formula XII

Formula XTIT

Formula XIV
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Formula XV
)I\ Y
X/ \W
Formula XVI
JI\ 2t
O/ \W
Formula XVII

Preferred compounds also include the following in which q
is an integer from 0-5 and R is a substituent selected from the
group consisting of alkyl, alkenyl, alkynyl, aryl, heteroaryl,
acyl, halogen, amino, hydroxyl, cyano, nitro, alkoxy, aryloxy,
arylalkoxy, cycloalkyl, heterocycloalkyl, haloalkyl, alkylhet-
erocycl, alkyleycloalkyl, alkylaryl, and alkylheteroaryl. Ry
may also be selected from the group consisting of H, methyl,
ethyl, propyl, n-propyl, i-propyl, butyl, n-butyl, t-butyl, ben-
zyl, phenyl, fluorine, chlorine, bromine, iodine, cyclohexyl,
CF,, CCl,, CBr,, Cl,, OH, NH,, NO,, C(O)—F, C(O)—C],
C(0)—Br, and C(O)—I. Preferred compounds also include
the following in which q is an integer from 1-3 and Ry is as
defined above.

Formula IXX

Formula XX
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-continued
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Formula XXI

Formula XXII

Formula XXIII

Formula XXIV

Formula XXV

Formula XXVI

Formula XXVII
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When q is other than 0 or 1, each R; substituent may be
either the same as or different from the other R, groups
present. In some further embodiment of the above, R is
preferrably H. In still further embodiments, when q is 1 the
Ry, is in the para position. In still further embodiments, when
q is 1, the Rq is in the meta position. In still further embodi-
ments, when q is 1, the Ry is in the ortho position.

In any of the Formula described herein, Y may include
methyl. In any of the Formula described herein, Y may
include ethyl. In any of the Formula described herein, Y may
include propyl. In any of the Formula described herein, Y may
include n-propyl. In any of the Formula described herein, Y
may include i-propyl. In any of the Formula described herein,
Y may include butyl. In any of the Formula described herein,
Y may include t-butyl. In any of the Formula described
herein, Y may include n-butyl. In any of the Formula
described herein, Y may include pentyl. In any of the Formula
described herein, Y may include i-pentyl. In any of the For-
mula described herein, Y may include n-pentyl. In any of the
Formula described herein, Y may include hexyl. In any of the
Formula described herein, Y may include heptyl.

Preferred compounds also include those encompassed by
the following Formula:

Formula XXVIII

Formula XXIX
R,
o
(0] * o
W A s
d N x7 w
T
Rs
Formula XXX
Formula XXXI
Formula XXXII
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-continued
Formula XXXIII
R
l&\CHg
o—° o
L
o N x7 Dw
T
R;
Formula XXXIV
Formula XXXV
Formula XXXVI
Formula XXXVII
R, ~—CH;
Q 0
L
o N x7 Dw
T
R3

Formula XXXVIII

Formua XXXIX

Formula XXXX
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Formula XXXXI
H;C
= §—CH3
o—3" o
W A
o N x7 w
T
R;
Formula XXXXII
H;C

Ri —cm;

N
™

0
JI\ 2
1|\1 x7 w

Formula XXXXITII

Formula XXXXIV

Formula XXXXV

Formula XXXXVI

Formula XXXXVII

In one set of alternative embodiments, the compounds of
the invention are compounds embraced by the below formula
in which wherein R,, rather than being H, is selected from
alkyl, lower alkyl, alkenyl, lower alkenyl, methyl, ethyl, pro-
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pyl, i-propyl, or n-propyl. The remaining members of the
below formula are as described above.

The present invention also includes compounds of Formula
I having the below structures according to the substituents
defined above.

Formula XXXXVIII
R,

R,
Q 0
A
o N > x
R3 /
Rg)g
Formula IL
Q 0
A
o N o™ x
R3 /
Rg)g
Formula L
(¢] i Il\I O |
R; F
Rg)g
Formula LI
o i Il\T O |
R; F
Rg)g

In some of the embodiments of Formulae XXXXVIII, IL,
L, and LL'Y is propyl.

In some of the embodiments of Formulae XXXXVIII, IL,
L,and LLY is butyl.

In some of the embodiments of Formulae XXXXVIII, IL,
L,and L1, Y is pentyl. In certain embodiments, Y is n-pentyl.

In some of the embodiments of Formulae XXXXVIII, IL,
L, and LI, Y is a linker including an alkyl, heteroalkyl,
cycloalkyl, or heterocycloalkyl group of 4-6 carbons.

In some of the embodiments of Formulae XXXXVIII, IL,
L,and L1, Y is ethyl, propyl, butyl, pentyl, or hexyl. In further
embodiments of any of the above, qis 0, 1, 2, or 3. In further
embodiments of any of the above, q is 0.

In some of the embodiments of Formulae XXXXVIII, IL,
L, and L1, Y is propyl, butyl, pentyl, or hexyl. In further
embodiments of any of the above, qis 0, 1, 2, or 3. In further
embodiments of any of the above, q is 0.

In some of the embodiments of Formulae XXXXVIII, IL,
L,and L1,Y is butyl, pentyl, or hexyl. In further embodiments
of'any of the above, qis 0, 1, 2, or 3. In further embodiments
of any of the above, q is O.
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In some of the embodiments of Formulae XXXXVIII, IL,
L,and L1, Y is pentyl or hexyl. In further embodiments of any
of'the above, q is 0, 1, 2, or 3. In further embodiments of any
of the above, q is 0.

In some of the embodiments of Formulae XXXXVIII, IL,
L, and LI, Y is hexyl. In certain embodiments, q is 0, 1, 2, or
3. In certain other embodiments, q is 0.

In some of the embodiments of Formulae XXXXVIII, IL,
L,and L1, Y is heptyl. In certain embodiments, qis 0, 1, 2, or
3. In certain other embodiments, q is 0.

In further embodiments of any of the above, qis 0, 1, 2, or
3. In further of these embodiments, R is selected from the
group consisting of H, methyl, ethyl, propyl, OH, NH,, F, Cl,
Br,orI.

In further embodiments of any of the above, Y is a linker
member of 4-6 carbon atoms. In certain embodiments, q is 0,
1,2, 0r3. In certain other embodiments, q is 0. In some further
embodiments, compounds of the present invention may
include those encompassed by Formula I wherein Y—W is
not tert-butyl when X is O, R, is H, and R, is methyl.

In some embodiments, compounds of the present invention
may include those encompassed by Formula I, or any For-
mula described herein, wherein Y—W is not tert-butyl when
Xis O, R, is H, and R, is isopropyl.

In some embodiments, compounds of the present invention
may include those compounds encompassed by Formula I, or
any Formula described herein, wherein W is not phenyl when
Y is CH,, X is O, R, is H, and R, is methyl.

In some embodiments, compounds of the present invention
may include those encompassed by Formula I, or any For-
mula described herein, wherein W is not an unsubstituted
phenyl whenY is CH,, X is O or NH, R, is Hand R, is H.

In some embodiments, compounds of the present invention
may include those encompassed by Formula I, or any For-
mula described herein, wherein Y—W is not tert-butyl when
R, is H, and R, is hydrogen or methyl; and wherein W is not
an unsubstituted phenyl when Y is CH,, R, is H, and R, is
hydrogen, methyl, or isopropyl.

In some embodiments, compounds of the present invention
may include those encompassed by Formula I, or any For-
mula described herein, wherein Y—W is not tert-butyl when
X is O, R, is H, and R, is methyl and also wherein W is not
phenyl whenY is CH,, X is O, R, is H, and R, is methy].

Compounds of the present invention may include those
compounds encompassed by Formula I, or any Formula
described herein, wherein R, or R, is not a side chain of the
twenty most common amino acids in human protein.

In some embodiments, compounds of the present invention
may include those encompassed by Formula I, or any For-
mula described herein, wherein W is not an unsubstituted
phenyl whenY is CH,, X is O or NH, R, is Hand R, is H.

In some embodiments, compounds of the present invention
may include those encompassed by Formula I, or any For-
mula described herein, wherein Y—W is not tert-butyl when
R, is H, and R, is hydrogen or methyl; and wherein W is not
an unsubstituted phenyl when Y is CH,, R, is H, and R, is
hydrogen, methyl, or isopropyl;

The compounds of the present invention may include those
compounds encompassed by
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Formula LII
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-continued
Formula LX

The compounds of the present invention, and the generic
formulae describing and encompassing these compounds,
may be suitable for use with any of the methods set forth
herein.

Methods for Preparing Compounds

The present invention also provides methods for preparing
compounds of Formula I.

The compounds of Formula I can be prepared through a
process consisting of synthetic transformations reported, for
instance, in Michael Smith, Jerry March—March ’s Advanced
Organic Chemistry: reactions mechanisms and structure—
6th Edition, John Wiley & Sons Inc., 2007, which is herein
incorporated as reference. It is well known to one of ordinary
skill in the art that transformation of a chemical function into
another may require that one or more reactive centers in the
compound containing this function be protected in order to
avoid undesired side reactions. Protection of such reactive
centers, and subsequent de-protection at the end of the syn-
thetic transformations, can be accomplished following stan-
dard procedures described, for instance, in Theodora W.
Green and Peter G. M. Wuts—Protective Groups in Organic
Synthesis, Fourth Edition, John Wiley & Sons Inc., 2006,
which is herein incorporated as reference.

In one embodiment, a compound of Formula I can be
obtained by cyclization of a compound of Formula II,

R,
H—A Ry
O
HO. )J\ Y.
N X N w
H |
0 R;
wherein A, R}, R,, R;, X, Y, and W are as defined above.
A compound of Formula II, wherein X represents O or S, and
A, R, R,,R;,Y, and W are as defined above, can be obtained

by reaction of a compound of Formula I1I, wherein A, R, R,
and R, are as defined above, with a compound of Formula IV,

I

I
R,
H—A R,
HO.
NH
H |
R;

v

0
)k Y
z x7 Dw
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wherein Z represents chlorine, azido, or a residue selected
from, but not limited to, 1-imidazolyl, p-nitrophenoxy, or
2-pyridyloxy, X represents O or S, and Y and W are as defined
above.

Amino acids of Formula III are either commercially available
or can be obtained according to standard synthetic methods
for the preparation of amino acids as described, for instance,
in Blaskovich M. A., Handbook on Syntheses of Amino
Acids—General Routes to Amino Acids Oxford University
Press, USA, 2010, and references cited therein, which is
herein incorporated as reference.

A compound of Formula IV can be obtained by reaction of
acompound of Formula V, wherein 7. is as defined above, and
U represents a residue selected from chlorine, OCH,CHj,
1-imidazolyl, p-nitrophenoxy, 2-pyridyloxy, or the com-
pound of Formula 'V represents triphosgene, with acompound
of Formula VI

v
0
Z)]\U
Vi
H Y.
~7 Ny

wherein X represents O or S, and Y and W are as defined
above.

A compound of Formula V is generally a commercially
available compound used in the activation of alcohols and
thiols.

A compound of Formula VI, wherein X represents O or S,
is either a commercially available alcohol or thiol or can be
prepared from suitable precursors, as known to a person
skilled in the art, such as the corresponding halides, according
to standard synthetic methods as reported, for instance, in
Michael Smith, Jerry March—»March’s Advanced Organic
Chemistry: reactions mechanisms and structure—6th Edi-
tion, John Wiley & Sons Inc., 2007, and references cited
therein, which is incorporated herein as reference.

In another embodiment, a compound of Formula I, wherein
X is O or S, can be obtained by the reaction of a compound of
Formula VII, or a salt thereof,

VII

R, Rz

o = Il‘IH

R3

wherein A, R, R,, and R; are as defined above, with a com-
pound of Formula 1V, as defined above.

In another embodiment, a compound of Formula I, wherein
A, R, R,,R;, Y, and W are as defined above, and X is NR,,
wherein R, is H, can be obtained by reaction of a compound
of Formula VII, or a salt thereof, with an isocyanate of For-
mula VIII

O—=—C=N—Y—W VIII

wherein Y and W are as defined above.
A compound of Formula VII can be obtained from a com-
pound of Formula I, wherein A, R, R, and R; are as defined
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above, X is O,Y is a bond, and W is a group —(CR_R,)),—
CR_RR,_whereinp=0andeachofR_, R, andR, is methyl, by
treatment with a suitable acid. A compound of Formula I,
wherein A, R, R, and R; are as defined above, X is O,Y is a
bond, and W is a group —(CR_R )p-CR_R R, wherein p=0
and each of R,, R, and R, is methyl, can be obtained by
cyclization of a compound of Formula II wherein A, R}, R,
and R; are as defined above, X is O, Y is a bond, and W is a
group —(CR_R,),—CR_RR_ wherein p=0 and each of R,
Ry and R, is methyl.

A compound of Formula I, wherein A, R, R, and R are as
defined above, X is O, Y is a bond, and W is a group
—(CR.R),—CR_RR, wherein p=0 and each of R, R; and
R, is methyl, can be obtained by reaction of a compound of
Formula I1I, as defined above, with di-tert-butyl dicarbonate.

An isocyanate of Formula VIII is either commercially
available or can be prepared by synthetic methods reported,
for instance, in Molina P., Tarraga A., Argues A. in Katritzky
A. R, Taylor R. 1. k., Comprehensive Organic Functional
Group Transformations I, Elsevier, 2004, Vol. 5, pag. 949-
973; or in Michael Smith, Jerry March—March’s Advanced
Organic Chemistry: reactions mechanisms and structure—
6th Edition, John Wiley & Sons Inc., 2007, and references
cited therein, which are herein incorporated as reference.

The synthesis of a compound of Formula I, according to the
synthetic processes described above, can be conducted in a
stepwise manner, whereby each intermediate is isolated and
purified by standard purification techniques, like, for
example, column chromatography, before carrying out the
subsequent reaction. Alternatively, two or more steps of the
synthetic sequence can be carried out in a so-called “one-pot”
procedure, as known in the art, whereby only the compound
resulting from the two or more steps is isolated and purified.

The compounds described above can be prepared as exem-
plified in the following procedures.

A compound of Formula I, as defined above, can be
obtained by separating diastercoisomers or enantiomers of
Formula I. In a typical procedure, diastereoisomers can be
separated by fractional crystallization from a suitable solvent
or by standard chromatographic techniques. The pair of enan-
tiomers thus obtained may be separated into individual stere-
oisomers by standard techniques described, for example, in J.
Jacques, A. Collet, S. H. Wilen—FEnantiomers, Racemates,
and Resolutions, John Wiley & Sons Inc., New York (NY),
1981 and in G. Subramanian (Ed.), Chiral Separation Tech-
niques: a practical approach—Wiley, Weinheim 2007,
which are herein incorporated as reference. Alternatively, an
enantiomer of a compound of Formula I may be obtained by
stereospecific synthesis using optically pure starting materi-
als of known configuration.

A pharmaceutically acceptable salt of a compound of For-
mula I, containing a basic group, can be obtained by dissolv-
ing said compound in a solvent like, for instance, acetonitrile,
dioxane, tetrahydrofuran, or dichloromethane, or mixtures
thereof, and adding the proper amount of an inorganic or
organic acid, dissolved in a suitable solvent such as, for
instance, acetonitrile, dioxane, tetrahydrofuran, or dichlo-
romethane, or mixtures thereof, at a temperature ranging
from -20° C. to room temperature. The salt is usually isolated
by filtration of the precipitate obtained by a) cooling; or b)
addition of a precipitating solvent, usually diethyl ether or
diisopropyl ether; or ¢) partial evaporation of the solvent.

A compound of Formula I can be obtained by cyclization of
a compound of Formula I, as defined above. Such reaction
can be performed by reacting a compound of Formula I with
a condensing agent selected from, but not limited to, O-(7-
azabenzotriazol-1-y1)-N,N,N'N'-tetramethyluronium
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hexafluorophosphate,  O-benzotriazole-N,N,N',N'-tetram-
ethyl-uronium-hexafluorophosphate, benzotriazol-1-yl-ox-
ytripyrrolidinophosphonium hexafluorophosphate, 1-hy-
droxybenzotrizole, 1,1'-carbonyldiimidazole, and the like, in
a suitable solvent, such as dichloromethane, tetrahydrofuran,
or mixtures thereof, in the presence of an organic base, such
as di-isopropylethylamine or triethylamine, at a temperature
ranging from —10° C. to 40° C., and for a period of time from
1 hour to 24 hours.

A compound of Formula II, wherein X is O or S, can be
obtained by reaction of a compound of Formula I11, as defined
above, with a compound of Formula IV, as defined above. The
reaction can be performed in a suitable solvent, such as diox-
ane, tetrahydrofuran, dimethoxyethane, acetonitrile, water, or
mixtures thereof, in the presence of a suitable organic or
inorganic base, such as triethylamine, di-isopropylethy-
lamine or sodium hydrogen carbonate, and at a temperature
ranging from —10° C. to 60° C., and for a period of time from
1 hour to 24 hours.

A compound of Formula IV, as defined above, can be
prepared by reaction of acompound of Formula V1, as defined
above, with a compound represented by Formula V, as defined
above, such as phosgene, ethyl choloroformate, p-nitrophe-
nylchloroformate, 1,1'-carbonyldiimidazole, di-2-pyridyl
carbonate, triphosgene, and the like. Such reaction is con-
ducted in a suitable solvent such as dichloromethane, chloro-
form, acetonitrile, tetrahydrofuran, or mixtures thereof, in the
presence of a suitable base such as triethylamine, di-isopro-
pylethylamine, or pyridine, at a temperature ranging from
-10° C. 10 40° C., and for a period of time from 1 to 72 hours.

A compound of Formula VII, as defined above, or a salt
thereof, can be obtained by reaction of a compound of For-
mulal, wherein A, R, R, and R, are as defined above, X is O,
Y isabond, and Wisa group—(CR_R,),—CR_R R, wherein
p=0 and each of R , R, and R is methyl, by treatment with
trifluoroacetic acid, benzensulphonic acid, p-toluensulphonic
acid and the like in a suitable solvent, such as dichlo-
romethane or tetrahydrofuran, at a temperature ranging from
-10° C. to room temperature, and for a period of time from 10
minutes to 2 hours. A compound of Formula VII is usually
isolated as the organic acid salt, such as the trifluoroacetic,
benzensulphonic, or p-toluensulphonic acid salt or the like.

A compound of Formula I, wherein A, R, R, and R; are as
defined above, X is O, Y is a bond, and W is a group
—(CR.R),—CRRR, wherein p=0 and each of R, R; and
R, is methyl, can be obtained by cyclization of'a compound of
Formula IT wherein A, R, R, and R are as defined above, X
is oxygen, Y is a bond, and W is a group —(CR.R,),—
CR_RR,_ wherein p=0 and each of R, R, and R, is methyl,
according to the general procedure reported above for the
preparation of compounds of Formula 1.

A compound of Formula IT, wherein A,R |, R, and R; are as
defined above, X is O, Y is a bond, and W is a group
—(CRR,),—CRRR_ wherein p=0 and each of R, R, and
R, is methyl, can be obtained by reaction of a compound of
Formula 111, as defined above, with di-tert-butyl dicarbonate
according to the general procedure described above for the
preparation of compounds of Formula II.

A compound of Formula I, whereinA,R |, R, and R;, Y, and
W are as defined above, and X is O or S, can be obtained by
reaction of a compound of Formula VII, or a salt thereof, with
a compound of Formula IV, as defined above, in a suitable
solvent such as dichloromethane, tetrahydrofuran,
dimethoxyethane or the like, in the presence of a tertiary
amine such as di-isopropyl ethyl amine, triethyl amine or the
like, at a temperature ranging from 0° C. to 40° C., and for a
period of time from 1 to 24 hours.



US 9,353,075 B2

31

A compound of Formula I, wherein A, R, R, and R;, Y, and
W are as defined above, and X is NR,, wherein R, is H, can be
obtained by reaction of a compound of Formula VII, or a salt
thereof, with an isocyanate of Formula VIII in a suitable
solvent, such as dichloromethane, tetrahydrofuran, dimethyl-
sulfoxide, pyridine, or mixtures thereof, at a temperature
ranging from room temperature to 60° C., and for a period of
time from 1 to 48 hours. Occasionally, the reaction can be
conducted in the presence of tertiary amines such as 4-dim-
ethylaminopyridine, di-isopropyl ethyl amine and the like.
Pharmaceutical Compositions

The invention provides pharmaceutical compositions of
compounds of Formula I for modulation of the levels of PEA
and OEA in a subject. The pharmaceutical compositions of
the present invention encompass any composition made by
admixing a compound of the present invention and a pharma-
ceutically acceptable carrier and/or excipient or diluent. Such
compositions are suitable for pharmaceutical use in an animal
(e.g., a mammal, rat, mouse, primate) or human.

The pharmaceutical compositions of the present invention
comprise a compound of Formula I, or a pharmaceutically
acceptable salt thereof, as an active ingredient and a pharma-
ceutically acceptable carrier and/or excipient or diluent. A
pharmaceutical composition may optionally contain other
therapeutic ingredients.

The compounds of the present invention can be combined
as the active ingredient in intimate admixture with a suitable
pharmaceutical carrier and/or excipient according to conven-
tional pharmaceutical compounding techniques. Any carrier
and/or excipient suitable for the form of preparation desired
for administration is contemplated for use with the com-
pounds disclosed herein.

The compositions include compositions suitable for topi-
cal, parenteral, pulmonary, nasal, rectal or oral administra-
tion. The most suitable route of administration in any given
case will depend in part on the nature and severity of the
conditions being treated and on the nature of the active ingre-
dient.

The compositions of the present invention are suitable for
local application strategies. For example, the compositions
described herein are useful, for example, but not limited to, a
topical for skin; an aerosol/powder for the nose, bronchi
and/or lungs; an ointment or suppository for the rectum and/
or the colon; or a formation for infiltration into the joints.

The preferred compositions include compositions suitable
for topical, subcutaneous, or pulmonary, in the form of nasal
or buccal inhalation, administration.

The compositions may be prepared by any of the methods
well-known in the art of pharmacy.

Compositions for topical administration include, but are
not limited to, ointments, creams, lotions, solutions, pastes,
gels, sticks, liposomes, nanoparticles, patches, bandages and
wound dressings. In certain embodiments, the topical formu-
lation comprises a penetration enhancer.

Compositions for pulmonary administration include, but
are not limited to, dry powder compositions consisting of the
powder of a compound of Formula I, or a salt thereof, and the
powder of a suitable carrier and/or lubricant. The composi-
tions for pulmonary administration can be inhaled from any
suitable dry powder inhaler device known to a person skilled
in the art.

Administration of the compositions is performed under a
protocol and at a dosage sufficient to reduce the inflammation
and pain in the subject.

The compounds described herein are useful for treating
diseases or conditions such as, but not limited to, skin inflam-
matory dermatoses (e.g., atopic dermatitis, seborrhoic derma-
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titis, psoriasis, allergic contact dermatitis), allergic rhinitis,
buccal mucositis, acute and chronic cough, asthma, chronic
obstructive pulmonary disorder, proctitis and hemorrhoids.

In some embodiments, in the pharmaceutical compositions
of the present invention the active principle or active prin-
ciples are generally formulated in dosage units. The dosage
unit may contain from 0.1 to 1000 mg of a NAAA inhibitor
per dosage unit for daily administration.

In some embodiments, the amounts effective for topical
formulation will depend on the severity of the disease, disor-
der or condition, previous therapy, the individual’s health
status and response to the drug. In some embodiments, the
dose is in the range from 0.001% by weight to about 60% by
weight of the formulation.

When used in combination with one or more other active
ingredients, the compound of the present invention and the
other active ingredients may be used in lower doses than when
each is used singly. With respect to formulations with respect
to any variety of routes of administration, methods and for-
mulations for the administration of drugs are disclosed in
Remington: The Science and Practice of Pharmacy, 21st Edi-
tion, Lippincott Williams & Wilkins Eds., 2005; and in
Ansel’s Pharmaceutical Dosage Forms and Drug Delivery
Systems, 8" Edition. Lippincott Williams & Wilkins Eds.,
2005, which are herein incorporated as reference.

Another aspect of the present invention provides pharma-
ceutical compositions which comprise compounds of the
invention and a pharmaceutically acceptable carrier.

The pharmaceutical compositions of the present invention
comprise one or more compounds of the instant invention as
an active ingredient or a pharmaceutically acceptable salt
thereof, and may also contain a pharmaceutically acceptable
carrier and optionally other therapeutic ingredients. The com-
positions include compositions suitable for topical, rectal
parenteral (including subcutaneous, intramuscular, and intra-
venous), ocular (ophthalmic), pulmonary (nasal or buccal
inhalation), or nasal intraarticular (i.e. in the joints) or oral
administration, although the most suitable route in any given
case will depend in part on the nature and severity of the
conditions being treated and on the nature of the active ingre-
dient. An exemplary route of administration is the topical
route. Another exemplary route of administration is the topi-
cal route. The compositions may be conveniently presented in
unit dosage form and prepared by any of the methods well-
known in the art of pharmacy.

In practical use, the compounds of the invention can be
combined as the active ingredient in intimate admixture with
a pharmaceutical carrier according to conventional pharma-
ceutical compounding techniques. The carrier may take a
wide variety of forms depending on the form of preparation
desired for administration, e.g., oral or parenteral (including
intravenous). In preparing the compositions for oral dosage
form, any of the usual pharmaceutical media may be
employed, such as, for example, water, glycols, oils, alcohols,
flavoring agents, preservatives, coloring agents and the like in
the case of oral liquid preparations, such as, for example,
suspensions, elixirs and solutions; or carriers such as
starches, sugars, microcrystalline cellulose, diluents, granu-
lating agents, lubricants, binders, disintegrating agents and
the like in the case of oral solid preparations such as, for
example, powders, hard and soft capsules and tablets, with the
solid oral preparations being preferred over the liquid prepa-
rations.

Because of their ease of administration, tablets and cap-
sules represent the most advantageous oral dosage unit form
in which case solid pharmaceutical carriers are obviously
employed. If desired, tablets may be coated by standard aque-



US 9,353,075 B2

33

ous or nonaqueous techniques. Such compositions and prepa-
rations can contain at least 0.1 percent of active compound.
The percentage of active compound in these compositions
may, of course, be varied and may conveniently be between
about 1 percent to about 60 percent of the weight of the unit.
The amount of active compound in such therapeutically use-
ful compositions is such that a therapeutically effective dos-
age will be obtained. The active compounds can also be
administered intranasally as, for example, liquid drops or
spray.

The tablets, pills, capsules, and the like may also contain a
binder such as gum tragacanth, acacia, corn starch or gelatin;
excipients such as dicalcium phosphate; a disintegrating
agent such as corn starch, potato starch, alginic acid; a lubri-
cant such as magnesium stearate; and a sweetening agent
such as sucrose, lactose or saccharin. When a dosage unit
form is a capsule, it may contain, in addition to materials of
the above type, a liquid carrier such as a fatty oil.

Various other materials may be present as coatings or to
modify the physical form of the dosage unit. For instance,
tablets may be coated with shellac, sugar or both. A syrup or
elixir may contain, in addition to the active ingredient,
sucrose as a sweetening agent, methyl and propylparabens as
preservatives, a dye and a flavoring such as cherry or orange
flavor. To prevent breakdown during transit through the upper
portion of the GI tract, the composition may be an enteric
coated formulation.

With respect to formulations with respect to any variety of
routes of administration, methods and formulations for the
administration of drugs are disclosed in Remington’s Phar-
maceutical Sciences, 17th Edition, (Gennaro etal. Eds., Mack
Publishing Co., 1985). Remington’s Pharmaceutical Sci-
ences, Gennaro A R ed. 20th edition, 2000: Williams &
Wilkins Pa., USA.

Administration

The compounds of the invention may also be administered
parenterally. Solutions or suspensions of these active com-
pounds can be prepared in water suitably mixed with a sur-
factant such as hydroxypropylcellulose. Dispersions can also
be prepared in glycerol, liquid polyethylene glycols and mix-
tures thereof in oils. Under ordinary conditions of storage and
use, these preparations contain a preservative to prevent the
growth of microorganisms.

The pharmaceutical forms suitable for injectable use
include sterile aqueous solutions or dispersions and sterile
powders for the extemporaneous preparation of sterile inject-
able solutions or dispersions. In all cases, the form must be
sterile and must be fluid to the extent that easy syringability
exists. It must be stable under the conditions of manufacture
and storage and must be preserved against the contaminating
action of microorganisms such as bacteria and fungi. The
carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (e.g. glycerol, propylene gly-
col and liquid polyethylene glycol), suitable mixtures thereof,
and vegetable oils.

The compounds of the invention can be effective over a
wide dosage range. For example, in the treatment of adult
humans, dosages from about 10 to about 1000 mg, about 100
to about 500 mg or about 1 to about 100 mg may be needed.
Doses of the 0.05 to about 100 mg, and more preferably from
about 0.1 to about 100 mg, per day may be used. A most
preferable dosage is about 0.1 mg to about 70 mg per day. In
choosing a regimen for patients, it may frequently be neces-
sary to begin with a dosage of from about 2 to about 70 mg per
day and when the condition is under control to reduce the
dosage as low as from about 0.1 to about 10 mg per day. For
example, in the treatment of adult humans, dosages from
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about 0.05 to about 100 mg, preferably from about 0.1 to
about 100 mg, per day may be used. The exact dosage will
depend upon the mode of administration, the compound of
the invention involved, on the therapy desired, form in which
administered, the subject to be treated and the body weight of
the subject to be treated, and the preference and experience of
the physician or veterinarian in charge.

Generally, the compounds of the present invention can be
dispensed in unit dosage form comprising preferably from
about 0.1 to about 100 mg of active ingredient together with
a pharmaceutically acceptable carrier per unit dosage. Usu-
ally, dosage forms suitable for oral, nasal, pulmonary or trans-
dermal administration comprise from about 0.001 mg to
about 100 mg, preferably from about 0.01 mg to about 50 mg
of the compounds admixed with a pharmaceutically accept-
able carrier or diluent. For storage and use, these preparations
preferably contain a preservative to prevent the growth of
microorganisms.

Generally, the compounds of the present invention can be
dispensed in unit dosage form comprising preferably from
about 0.1 to about 100 mg of active ingredient together with
a pharmaceutically acceptable carrier per unit dosage. Usu-
ally, dosage forms suitable for oral, nasal, pulmonary or der-
mal delivery administration comprise from about 0.001 mg to
about 100 mg, preferably from about 0.01 mg to about 50 mg
of the compounds admixed with a pharmaceutically accept-
able carrier or diluent. For storage and use, these preparations
preferably contain a preservative to prevent the growth of
microorganisms.

Kits providing a unit dosage of the compounds and com-
positions set forth herein are contemplated as within the
present invention. Kits providing many unit dosages of the
compounds and compositions set forth herein are contem-
plated as within the present invention. Still further, kits pro-
viding several unit dosages of the compounds and composi-
tions set forth herein are contemplated as within the present
invention. In some embodiments, the kits of the present
invention include a unit dosage of a pharmaceutical compo-
sition of a compound set forth herein. In certain embodi-
ments, the kits of the present invention include many unit
dosages of a pharmaceutical composition of a compound set
forth herein. In certain other embodiments, the kits of the
present invention include a unit dosage of a pharmaceutical
composition set forth herein.

Administration of an appropriate amount the candidate
compound may be by any means known in the art such as, for
example, oral or rectal, parenteral, intraperitoneal, intrave-
nous, subcutaneous, subdermal, intranasal, or intramuscular.
In some embodiments, administration is transdermal. In some
other embodiments, the administration is for dermal delivery.
An appropriate amount or dose of the candidate compound
may be determined empirically as is known in the art. An
appropriate or therapeutic amount is an amount sufficient to
effect a loss of body fat or a loss in body weight in the animal
over time. The candidate compound can be administered as
often as required to effect a loss of body fat or loss in body
weight, for example, hourly, every six, eight, twelve, or eigh-
teen hours, daily, or weekly

Formulations suitable for oral administration can consist of
(a) liquid solutions, such as an effective amount of the pack-
aged nucleic acid suspended in diluents, such as water, saline
or PEG 400; (b) capsules, sachets or tablets, each containing
a predetermined amount of the active ingredient, as liquids,
solids, granules or gelatin; (¢) suspensions in an appropriate
liquid; and (d) suitable emulsions. Tablet forms can include
one or more of lactose, sucrose, mannitol, sorbitol, calcium
phosphates, corn starch, potato starch, microcrystalline cel-
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Iulose, gelatin, colloidal silicon dioxide, tale, magnesium
stearate, stearic acid, and other excipients, colorants, fillers,
binders, diluents, buffering agents, moistening agents, pre-
servatives, flavoring agents, dyes, disintegrating agents, and
pharmaceutically compatible carriers. Lozenge forms can
comprise the active ingredient in a flavor, e.g., sucrose, as
well as pastilles comprising the active ingredient in an inert
base, such as gelatin and glycerin or sucrose and acacia emul-
sions, gels, and the like containing, in addition to the active
ingredient, carriers known in the art.

Injection solutions and suspensions can be prepared from
sterile powders, granules, and tablets of the kind previously
described. Formulations suitable for parenteral administra-
tion, such as, for example, by intraarticular (in the joints),
intravenous, intramuscular, intradermal, intraperitoneal, and
subcutaneous routes, include aqueous and non-aqueous, iso-
tonic sterile injection solutions, which can contain antioxi-
dants, buffers, bacteriostats, and solutes that render the for-
mulation isotonic with the blood of the intended recipient,
and aqueous and non-aqueous sterile suspensions that can
include suspending agents, solubilizers, thickening agents,
stabilizers, and preservatives.

With respect to transdermal or dermal delivery routes of
administration, methods for transdermal administration of
drugs are disclosed in Remington’s Pharmaceutical Sciences,
Gennaro A R ed. 20th edition, 2000: Williams & Wilkins Pa.,
USA. Dermal or skin patches are a preferred means for trans-
dermal delivery of the compounds of the invention. Patches
preferably provide an absorption enhancer such as DMSO to
increase the absorption of the compounds. Other methods for
transdermal drug delivery are disclosed in U.S. Pat. Nos.
5,962,012, 6,261,595, and 6,261,595. Each of which is incor-
porated by reference in its entirety.

Preferred patches include those that control the rate of drug
delivery to the skin. Patches may provide a variety of dosing
systems including a reservoir system or a monolithic system,
respectively. The reservoir design may, for example, have
four layers: the adhesive layer that directly contacts the skin,
the control membrane, which controls the diffusion of drug
molecules, the reservoir of drug molecules, and a water-
resistant backing. Such a design delivers uniform amounts of
the drug over a specified time period, the rate of delivery has
to be less than the saturation limit of different types of skin.

The monolithic design, for example, typically has only
three layers: the adhesive layer, a polymer matrix containing
the compound, and a water-proof backing. This design brings
a saturating amount of drug to the skin. Thereby, delivery is
controlled by the skin. As the drug amount decreases in the
patch to below the saturating level, the delivery rate falls.

Compounds of the invention may be used in combination
with other compounds of the invention or with other drugs
that may also be useful in the treatment, prevention, suppres-
sion of a neurological or psychological disorder. Such other
drugs may be administered, by a route and in an amount
commonly used therefor, contemporaneously or sequentially
with a compound of the invention. When a compound of the
invention is used contemporaneously with one or more other
drugs, a pharmaceutical composition in unit dosage form
containing such other drugs and the compound is preferred.
When used in combination with one or more other active
ingredients, the compound of the present invention and the
other active ingredients may be used in lower doses than when
each is used singly.

In the pharmaceutical compositions of the present inven-
tion for oral, sublingual, subcutaneous, intramuscular, intra-
venous, transdermal, dermal delivery, local or rectal admin-
istration, the active principle, by itself or in association with
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another active principle, can be administered to animals and
humans in unit forms of administration mixed with conven-
tional pharmaceutical carriers. The appropriate unit forms of
administration include oral forms such as tablets, gelatin
capsules, powders, granules and solutions or suspensions to
be taken orally, sublingual and buccal forms of administra-
tion, aerosols, implants, subcutaneous, intramuscular, intra-
venous, intranasal or intraocular forms of administration and
rectal forms of administration.

In other embodiments, the pharmaceutical compositions of
the present invention, the active principle or active principles
are generally formulated in dosage units. The dosage unit
may contain from 0.1 to 1000 mg, advantageously from 1 to
500 mg and preferably from 2 to 200 mg per dosage unit for
daily administration.

In certain embodiments, the pharmaceutical compositions
of the present invention are suitable for dermal delivery.
Methods of Use

In some embodiments, the compounds of Formula I, and
their pharmaceutical compositions and methods of adminis-
tering them are useful in treating acute inflammation, chronic
inflammation, pain (including acute pain, acute inflammatory
pain, chronic inflammatory pain, and neuropathic pain), and
other disorders in which decreased levels of palmitoyletha-
nolamine are associated with the disorder. The treatment may
be prophylactic or therapeutic. The subject to be treated may
be an animal (e.g., mouse, rat, primate, mammal) or human.
Pain

In some embodiments, the compounds of Formula I and
their pharmaceutical compositions may be administered in
therapeutically effective amounts to alleviate or treat pain in
a subject in need thereof. The treatment may be prophylactic
or therapeutic. The treatment may be administered in a com-
bination therapy with another pain reliever or anti-inflamma-
tory agent.

The painis associated with disease states including, but not
limited to, pulmonary edema, migraine, sinus headaches,
trigeminal disease, dental pain, type I diabetes, type 1l diabe-
tes, multiple sclerosis, sarcoidosis, polymyositis, gingivitis,
swelling occurring after injury, pre-term labor, sprains, con-
tusions, pre surgical medication, post surgical trauma, bone
damage, and cancer.

The pain may also be associated with carpal tunnel,
abdominal pain, hip pain, chronic knee pain, back pain, neck
pain, or shoulder pain.

In other embodiments, the pain can be a neuropathic pain
selected from the group of, but not limited to, post herpetic
neuralgia, post trigeminal neuralgia, diabetic neuropathy,
neuropathic low back pain, peripheral or polyneuropathic
pain, toxic neuropathy, chronic neuropathy caused by chemo-
therapeutic agents, retinopathy of prematurity, diabetic retin-
opathy, macular degeneration with the wet type preferred,
corneal neovascularization, polymyositis, vasculitis, and
periodontitis.

The pain may be somatic, visceral, or neuropathic. The
pain may include muscle pain or nerve pain. The pain may be
incidental pain or phantom pain.

Dermal Diseases, Disorders or Conditions

In some embodiments, the compositions of the invention
may be administered in therapeutically effective amounts to
alleviate or treat dermal diseases, disorders or conditions in a
subject. The treatment may be prophylactic or therapeutic.
The treatment may serve to reduce pain or inflammation. The
treatment may be administered in a combination therapy with
another agent use in the treatment of such dermatological
diseases, disorders or conditions. In some embodiments, der-
mal diseases, disorders or conditions include, but are not



US 9,353,075 B2

37

limited to, allergic contact dermatitis, atopic dermatitis, seb-
orrhoic dermatitis, eczema, urticaria, rosacea, acne, psoriasis,
pruritis, lichen, psoriatic arthritis acne, scarring, skin wound
healing, skin burns deriving from various origins, such as
sunburns or radiation therapy burns, and of various severities
(first degree burn, second degree burn, third degree burn,
fourth degree burns), scleroderma, solar keratosis, squamous
cell carcinoma, and melanoma.

In some embodiments, the compounds, compositions,
pharmaceutical compositions, and methods of administering
them are useful for treating inflammation.

The compounds and compositions described herein are
useful for treating arthritis, wherein arthritis may include
osteoarthritis, theumatoid arthritis, gout, fibromyalgia, gen-
eral arthritis, psoriatic arthritis, systemic lupus erythemato-
sus, or septic arthritis.

The compounds and compositions described herein are
useful for treating asthma, wherein asthma may include exer-
cise-induced asthma, asthma due to an allergy, cough-variant
asthma, occupational asthma, or nocturnal asthma.

The compounds and compositions described herein are
useful for treating neurogenerative inflammation, wherein
neurodegenerative inflammation may include Parkinson’s
disease or multiple sclerosis.

The compounds and compositions described herein are
useful for treating neurodermatitis.

The irritable bowel syndrome (IBS) described herein may
include, but is not limited to, IBS with constipation, IBS with
diarrhea, or IBS with alternating constipation and diarrhea.

The Crohn’s disease described herein may include ulcer-
ative colitis, ileocolits, ileitis, gastroduodenal Crohn’s dis-
ease, or jejunoileitis.

In some embodiments, the compositions of the invention
may be administered in therapeutically effective amounts to
alleviate or treat disease such as, but not limited to, pain,
inflammation, and neurodegenerative diseases, neuropathic
pain, trigeminal neuralgia, postherpetic neuralgia, diabetic
neuropathy, cancer pain, phantom limb pain, complex
regional pain syndrome, and fibromyalgia; rheumatoid arthri-
tis, ankolysing spondylitis, ulcerative colitis, tendonitis, pso-
riasis, Faber’s Disease, Crohn’s Disease, rhinitis, skin aller-
gies, asthma, autoimmune diseases with inflammatory
components such as multiple sclerosis and other demylenat-
ing disorders; Alzheimer’s Disease, traumatic brain injury,
conditions and diseases characterizable by abnormal PEA
and/or OEA, metabolic disorders, appetite regulation, and
obesity
Inflammation and Inflammatory Pain

In some embodiments, the compounds of Formula I and
their pharmaceutical compositions may be administered in
therapeutically effective amounts to alleviate or treat inflam-
mation in a subject. The treatment may be prophylactic or
therapeutic. The treatment may be administered in a combi-
nation therapy with another pain reliever or anti-inflamma-
tory agent. In some embodiments, the pain is a pain caused by
inflammation or injury of a tissue. Inflammatory pain devel-
ops in response to tissue damage occurring from the noxious
stimuli. The inflammation is associated with disease states
including, but not limited to, acute inflammation, chronic
inflammation, arthritis, rheumatoid arthritis, asthma, chronic
obstructive pulmonary disease (COPD), adult respiratory dis-
ease, chronic bronchitis, emphysema, cough, arthritis,
inflammatory bowel disease, ulcerative colitis, lupus, graft
vs. host reaction (i.e., graft vs. host disease), acute and
chronic allograft rejection, acute respiratory distress syn-
drome, osteoarthritis, multiple sclerosis, restinosis, cystic
fibrosis, crystal induced arthritis, ocular inflammation, hyper-
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oxia-induced inflammations, dyslipidemia, myofasciitis, car-
pal tunnel, Alzheimer disease, Parkinson disease.
Enhanced Penetration of Compounds and Compositions of
the Present Invention

Compounds and compositions of the present invention can
have surprisingly enhanced penetrating properties, particu-
larly with respect to certain known compounds, e.g., (S)-
OOPP. In some embodiments, the compounds and composi-
tions of the present invention penetrate dermal, mucosal, or
topical layers at an enhanced rate as compared to certain
known compounds, e.g., (S)-OOPP. For example, compound
6, described herein, has enhanced potency, stability, and
selectivity properties with respect to certain known com-
pounds, e.g., (S)-OOPP. See, for example, FIG. 26, which
shows the surprisingly greatly enhanced dermal efficacy of
compound 6 with respect to (S)-OOPP.

In some embodiments, the compounds and compositions
of'the present invention are selective and do not interfere with
AC to produce an effect that would be functionally opposite to
that of inhibiting NAAA. In still further embodiments of the
invention, this selectivety provides that the compounds and
compositions of the present invention have an enhanced abil-
ity to penetrate skin or other topical, dermal, or mucusal
surfaces in, for example, a mammal.

Patient Populations

The compounds and compositions described herein are
useful for treating diseases, conditions, and disorders. The
present inventions includes methods for treating these dis-
ease, conditions, and disorders.

In some embodiments, the methods include administering
the compounds and compositions of the present invention to
men. In other embodiments, the methods include administer-
ing the compounds and compositions of the present invention
to women. In certain embodiments, the methods include
administering the compounds and compositions of the
present invention to women of child-bearing age. In some
other embodiments, the methods include administering the
compounds and compositions to women who pregnant. In
certain other embodiments, the methods include administer-
ing the compounds and compositions of the present invention
to children.

In certain embodiments, the methods include administer-
ing the compounds and compositions to children under the
age of 18 years old. In further embodiments, the methods
include administering the compounds and compositions to
children under the age of 16 years old. In certain embodi-
ments, the methods include administering the compounds
and compositions to children under the age of 14 years old. In
further embodiments, the methods include administering the
compounds and compositions to children under the age of 12
years old. In further other embodiments, the methods include
administering the compounds and compositions to children
under the age of 10 years old.

In some embodiments, the methods include administering
the compounds and compositions to pre-pubescent children.

In other embodiments, the methods described herein are
useful for treating a patient in need of treatment with a com-
pound or composition set forth herein. In other embodiments,
the methods include treating a patient in need thereof. In some
embodiments, the patient in need thereof suffers from mul-
tiple conditions or disease. In other embodiment, the patient
in need thereof includes a patient having pain. In some
embodiments, the patient in need thereof includes a patient
having dermatitis.

In some embodiments, the compounds and compositions
set forth herein are administered daily. In other embodiments,
the compounds and compositions set forth herein are admin-
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istered twice a day. In other embodiments, the compounds
and compositions set forth herein are administered three
times a day. In other embodiments, the compounds and com-
positions set forth herein are administered four times a day. In
other embodiments, the compounds and compositions set
forth herein are administered five times a day.

In some embodiments, the compounds and compositions
set forth herein are administered weekly. In other embodi-
ments, the compounds and compositions set forth herein are
administered monthly. In other embodiments, the compounds
and compositions set forth herein are administered twice a
week. In other embodiments, the compounds and composi-
tions set forth herein are administered three times a week. In
other embodiments, the compounds and compositions set
forth herein are administered four times a week. In other
embodiments, the compounds and compositions set forth
herein are administered five times a week. In other embodi-
ments, the compounds and compositions set forth herein are
administered six times a week. In other embodiments, the
compounds and compositions set forth herein are adminis-
tered seven times a week. In other embodiments, the com-
pounds and compositions set forth herein are administered
eight times a week. In other embodiments, the compounds
and compositions set forth herein are administered nine times
a week. In other embodiments, the compounds and compo-
sitions set forth herein are administered ten times a week. In
other embodiments, the compounds and compositions set
forth herein are administered eleven times a week. In other
embodiments, the compounds and compositions set forth
herein are administered twelve times a week. In other
embodiments, the compounds and compositions set forth
herein are administered thirteen times a week. In other
embodiments, the compounds and compositions set forth
herein are administered fourteen times a week.

EXAMPLES

Method for Testing Compounds for Stability in
Buffer

Chemical stability of select compounds was evaluated
under physiological pH conditions (0.01M Phosphate-Buff-
ered Saline, pH 7.4) for up to 24 h. Stock solutions of each
compound (10 mM) were prepared freshly in DMSO. Each
compound was incubated at a final concentration of 10 uM
(1% DMSO) in pre-heated buffer (0.01M Phosphate-Buff-
ered Saline (PBS), pH 7.4 at 37° C.). The sample solutions
were divided into aliquots in glass vials (pre-heated at 37° C.)
for each time point. The samples were maintained at 37° C. in
the UPLC/MS Autosampler during the study (no shaking). A
reference solution of each compound (final concentration: 10
uM at 1% DMSO) in pre-heated CH,CN (37° C.) was pre-
pared from the stock solutions (10 mM in DMSO). The ref-
erence solutions were maintained at 37° C. in the UPLC/MS
Autosampler during the study (no shaking). An internal stan-
dard (100 nM) was added to the sample and reference solu-
tions. For each time point, the samples were analyzed directly
by LC/MS without any further sample preparation. The
samples were analyzed (triplicate injection) by monitoring
the MS trace by Multiple Reaction Monitoring (MRM). The
compound concentration (expressed as %) was calculated by
dividing the peak area at each time point by the peak area at
t=0min. The reference solution was analyzed at the beginning
(t=0 min.), and at the end of the study (t=24 h). The apparent
half-lives (t,,,) of the disappearance of compound were cal-
culated by a one-phase decay equation using a non-linear
regression of compound concentration versus time.
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The analyses were performed on a Waters ACQUITY
UPLC/MS TQD system consisting of a TQD (Triple Quadro-
pole Detector) Mass Spectrometer equipped with an Flectro-
spray lonization interface and a Photodiode Array Detector.
The analyses were run on an ACQUITY UPLCBEH C,¢ 1.7
pm 2.1x50 mm column with a VanGuard BEH C,4 1.7 um
pre-column at 40° C. The mobile phase was 0.1% HCOOH in
H,O (A) and 0.1% HCOOH in CH;CN (B) using a linear
gradient: 0-0.2 min.: 5% B, 0.2-2.2 min.: 5-95% B, 2.2-2.3
min.: 95-5% B, 2.3-3 min.: 5% B with flow rate at 0.5
ml./min. Electrospray ionization (ESI) was applied in posi-
tive mode using the following generic MS tune settings for all
compounds: Capillary voltage: 3.00 kV, cone voltage: 25 kV,
ion source temperature: 125° C. and desolvation temperature:
500° C. N, was used as drying cone gas at a flow rate of 100
L/h and desolvation gas at 1000 L/h. Argon was used as
collision gas. Compound-dependent parameters as MRM
transitions and collision energy were optimized for each com-
pound. The chemical stability of example 6 of the present
invention and of the corresponding amide analog and the
compound lacking the methyl substituent at position 2 is
reported in Table 1.

TABLE 1

Chemical stability in PBS pH 7.4 of example 6 of the present invention and
of the corresponding amide analog and the compound lacking the methyl
substituent at position 2 of the oxo-oxetan ring.

Stability in PBS
buffer, pH 7.4
Compound ty,» (min)
102
0—4 o
N AN
N O
O H /\/\/\Q
Example 6
63
e} e}
N
0 H
23

The example 6 of the present invention shows higher chemical stability (t;» = 102 min) than
the corresponding amide analog (t;, = 63 min) and of the compound lacking the methyl
group at position 2 of the oxo-oxetan ring (t;» = 23 min).

Methods for Testing Compounds on NAAA

Lysosomal NAAA protein preparation were obtained by
homogenizing male Sprague-Dawley rat lungs (Charles
River) in 20 mM Tris-HCI buffer pH 7.4 containing 0.32M
sucrose. Samples were centrifuged at 800xg for 15 minutes at
4° C. Supernatants were then centrifuged at 12,000 g for 30
minutes at 4° C. Pellets were then resuspended in PBS pH 7.4
and subjected to a freeze/thaw cycle at -80° C. The suspen-
sion was finally centrifuged at 105,000xg for 1 hour at 4° C.
The supernatant was then used in the enzymatic assay.

NAAA protein preparation was pre-incubated with various
concentrations of test compounds or vehicle control in 100
mM NaH,PO,/Citrate buffer, 1% Triton-X, 3 mM DTT (pH
4.5) for 30 minutes at 37° C. Samples were then incubated
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with heptadecenoylethanolamide (50 uM, Avanti Polar Lip-
ids) at 37° C. for 30 min. The reaction was terminated by
addition of cold methanol containing heptadecanoic acid
(NuCheck Prep) as internal standard. Samples were then ana-
lyzed by UPLC/MS (Acquity, Waters). Heptadecenoic and
heptadecanoic acids were eluted on an Acquity UPLC BEH
C18 column (50 mm length, 2.1 mm i.d., 1.7 pm pore size,
Waters) isocratically at 0.5 mI/min for 1.5 min with a solvent
mixture of 95% methanol and 5% water, both containing
0.25% Acetic Acid and 5 mM Ammonium Acetate. The col-
umn temperature was 40° C. Electrospray ionization was in
the negative mode, capillary voltage was 0.5 kV, cone voltage
was 25 kV, desolvation temperature was 500° C. N, was used
as drying gas at a flow rate of 1000 L/hour and a temperature
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of 500° C. The [M-H]™ ion was monitored in the selected-ion
monitoring mode (m/z values: heptadecenoic acid 267.37,
heptadecanoic acid 269.37). Calibration curves were gener-
ated using commercial heptadecenoic acid (NuCheck Prep).
Inhibition of NAAA activity was calculated as reduction of
heptadecenoic acid in the samples compared to vehicle con-
trols. IC,, values were calculated by non-linear regression
analysis of log [concentration]/inhibition curves using
GraphPad Prism 5 (GraphPad Software Inc., CA—USA)
applying a standard slope curve fitting.

Compounds of the present invention inhibited NAAA
activity with IC5, lower than 50 uM. The IC,, values of
representative compounds of the invention are reported in
Table 2.

TABLE 2

NAAA and AC (Acid Ceramidase) ICs, values of representative compounds of the invention

-NAAA  UPLC/MS Fluorogenic -AC
ICso(UM) h-NAAA  h-NAAA  ICs, (M)
Example Structure or % inhib.  ICsq(UM)  ICs50(UM)  or % inhib.
1 0.67
| )(T\
o ! 0
2 0.03 <10%
fo) fo) inhib. @
)j\ 0.3 M
o ! 0
3 1.21
| )OI\ /\/©/
o ! 0
4 0.084
| )O]\
o N o
5 0.39 <10%
fo) fo) inhib. @
)J\ 0.3 M
o ! 0
6 0.05 0.007 0.014 <10%
fo) fo) inhib. @
JI\ 10 pM
o N 0
7 0.016 0.005 45%
inhib. @
10 pM

JC I
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NAAA and AC (Acid Ceramidase) IC5, values of representative compounds of the invention

-NAAA  UPLC/MS Fluorogenic -AC
ICso(UM) h-NAAA  h-NAAA  ICs, (M)
Example Structure or % inhib.  ICs50(UM)  ICs¢ (UM)  or % inhib.
8 0.05 0.010
| J(T\
o N 0
9 (€] 1.31
| )OI\ /(j )b
g N O
10 0.84
| )(T\
o N ©
11 40
e} JOI\ O
o N 0
12 0.87 0.54
Q 0O
N /'/<
© o
13 ~— 48%
fo) fo) inhib. @
JJ\ /R "
N O
0 H
14 28%
fo) fo) inhib. @
)]\ 10 pM
o N 0
15 0.24
| J(T\
o ! 0
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NAAA and AC (Acid Ceramidase) IC<, values of representative compounds of the invention

-NAAA  UPLC/MS Fluorogenic -AC
ICs,(1M)  h-NAAA  h-NAAA  ICs, (uM)
Example Structure or % inhib.  ICs50(UM)  ICs¢ (UM)  or % inhib.
16 0.11
e}
.
H
17 0.007 0.007 30%
o} inhib. @
J]\ 10 pM
N O
H
18 0.05 0.018 <10%
0 inhib. @
)j\ 10 pM
N o "0
19 0.02 0.009 0.008
O /\/\/O
Py
H
20 3.43
e}
Py
H
21 21%
o) N inhib. @
J -
N O
H
22 0.03 0.014 <10%
o) inhib. @
)]\ 0.3 M
N O
H
23 1.23
| )(i\
o N 0
24 0. 3.76
e} e}
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TABLE 2-continued

NAAA and AC (Acid Ceramidase) ICs, values of representative compounds of the invention
-NAAA  UPLC/MS Fluorogenic -AC

ICso (UM)  h-NAAA  h-NAAA IG5, (uM)

or % inhib.  ICso (UM)  ICs50(uM)  or % inhib.

Example Structure
25 0.31 <10%
(0] 0] inhib. @
)j\ 0.3 M
d N o
26 0.29
(0)
| )(T\ /O/
d N o
27 0 0.51 <10%
fo) fo) inhib. @
)I\ 0.3 M
d X o
28 0.10
d N o
542

O

30 0.31
| )OI\ m
o N 0
31 0.75
| )OI\ H‘FO/\Q
o X 0
32 0.48
(@] O
o X 0
2.52

3.8
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NAAA and AC (Acid Ceramidase) ICs, values of representative compounds of the invention

-NAAA  UPLC/MS Fluorogenic -AC
ICso (UM)  h-NAAA  h-NAAA IG5, (uM)

Example Structure or % inhib.  ICs50(UM)  ICs¢ (UM)  or % inhib.
34 1.17
¢} e}
Py
H
35 0.016 0.005 <10%
fo) fo) inhib. @
JI\ 10 pM
d X o
36 0.14
e} e}
)J\ /\/O
g N O
H
37 & 3.53
N O
0 H
38 & 0.018
A
0 H
39 0.27
| JOI\
d X o
40 0.04
| JOL
d N o
41 No
fo) fo) inhib.
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NAAA and AC (Acid Ceramidase) ICs, values of representative compounds of the invention

-NAAA  UPLC/MS Fluorogenic -AC
ICso (UM)  h-NAAA  h-NAAA IG5, (uM)

Example Structure or % inhib.  ICs50(UM)  ICs¢ (UM)  or % inhib.
42 0.007
| )(T\
o ! 0
43 0.176
e} e}

o
“ 0.024
| )(T\
o N 0
F
F
F
45 0.021
| )(T\
o X 0
S
46 0.023
| J(T\
o N 0
0
47 92% 0.004
inhib. @
3uM
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NAAA and AC (Acid Ceramidase) IC<, values of representative compounds of the invention

-NAAA  UPLC/MS Fluorogenic -AC
IC5o (uM)  h-NAAA  h-NAAA  IC5, (uM)

Example Structure or % inhib.  ICs50(UM)  ICs¢ (UM)  or % inhib.
48 100% 0.006
inhib. @
& 3uM

49 89% 0.009
inhib. @
3 M
0 o}
N
50 100% 0.015
inhib. @
3 M
0 o}
N
H

51 92% 0.019
inhib. @
& 3 1M

52 93% 0.023
inhib. @
& 3 M

53 55% 0.068
inhib. @
3 1M
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NAAA and AC (Acid Ceramidase) IC<, values of representative compounds of the invention

-NAAA  UPLC/MS Fluorogenic -AC
IC5o (uM)  h-NAAA  h-NAAA  IC5, (uM)

Example Structure or % inhib.  ICs50(UM)  ICs¢ (UM)  or % inhib.
54 53% 0.037
inhib. @
3 uM
e} e}

8

55 98% 0.012
inhib. @
& 3 1M

56 75% 0.267
inhib. @
& 3 1M

57 73% 0465
inhib. @
& 3 1M

58 67% 0.278
inhib. @
3 1M

59 57% 0.897
inhib. @
3 1M
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Method for Testing Compounds on Acid Ceramidase

The selectivity of select compounds versus Acid Cerami-
dase (AC) was determined Rat AC (r-AC) was cloned from a
brain ¢cDNA library using primers based on the sequence
obtained from the National Center for Biotechnology Infor-
mation (NCBI) database: 5' rAC (5-GACCATGCTGGGC-
CGTAGT-3") and 3' rAC (5'-CCAGCCTATACAAGGGTCT-
3". The PCR (High Fidelity PCR Master, Roche) product was
subcloned into a pEF6-V5/His vector (Invitrogen) to con-
struct a mammalian expression vector encoding V5/His-
tagged rat AC. HEK293 cells were transfected with pEF6-
rAC-V5/His using Super-Fect reagent (Qiagen) and screened
with G418 (0.3 mg/mL). Cells were suspended in 20 mM Tris
HCI (pH 7.5) containing 0.32M sucrose, sonicated and cen-
trifuged at 800xg for 15 minutes at 4° C. The supernatants
were centrifuged again at 12,000xg for 30 minutes at 4° C.
The pellets were suspended in phosphate-buffered saline
(PBS) and subjected to 2 freeze—thaw cycles at —80° C. The
suspensions were centrifuged at 105,000xg for 1 hourat 4° C.
The supernatants containing recombinant AC were kept at
-80° C. until use. Protein concentration was measured using
the bicinchoninic acid (BCA) assay (Pierce). Recombinant
rat AC (50 pg) was preincubated with inhibitors (final DMSO
concentration 1%) in assay buffer (100 mM sodium phos-
phate, 0.1% Nonidet P-40, 150 mM NaCl, 3 mM DTT, 100
mM sodium citrate, pH 4.5) for 30 minutes at 37° C. Reac-
tions were started by the addition of 100 pM N-lauroyl cera-
mide (Nu-Chek Prep, Elysian, Minn.) and carried on for 30
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minutes at 37° C. Reactions were stopped by addition of a
mixture of chloroform/methanol (2:1, vol/vol) containing 1
nmol of heptadecanoic acid (HDA; NuChek Prep). The
organic phases were collected, dried under N2, and analyzed
by LC-MS in the negative-ion mode using heptadecenoic acid
(HDA) as internal standard (m/z=199 for lauric acid,
m/z=269 for HDA). HDA was eluted on an XDB Eclipse C18
column isocratically at 2.2 m[./min for 1 minute with a sol-
vent mixture of 95% methanol and 5% water, both containing
0.25% acetic acid and 5 mM ammonium acetate. The column
temperature was 50° C. Electrospray ionization (ESI) was in
the negative mode, capillary voltage as 4 kV, and fragmentor
voltage was 100 V. N2 was used as drying gas at a flow rate of
13 L/min and a temperature of 350° C. Nebulizer pressure
was set at 60 psi. We monitored [M-H]- in the selected-ion
monitoring (SIM) mode using HDA as internal standard.
Calibration curves were generated using commercial lauric
acid (Nu-Chek Prep; m/z=199).

The IC,,, values of representative compounds of the inven-
tion on NAAA and AC are reported in Table 2.

Compounds of the present invention showed increased
potency on NAAA and increased selectivity versus AC with
respect to analogs of the amide series or analogs lacking a
methyl substituent at position 2 of the oxo-oxetan ring. A
comparison of potency on NAAA and AC of example 6 of the
present invention and the corresponding amide analog and the
compounds lacking the methyl substituent at position 2 of the
oxo-oxetan ring is reported in Table 3.

TABLE 3

Comparison of potency on NAAA and AC of example 6 of the present invention
and the corresponding amide analog and the compounds lacking the methyl

substituent at position 2 of the oxo-oxetan ring.

-AC
NAAA  ICsq (M)
Compound IC50 (M) or % inhib.
0.05 <10%
o0—3 fo) inhib. @
10 pM
3
o ! ©
Example 6
0.54 <10%
fo) fo) inhib. @
10 pM
o i
;:I\ )(T\ 0.51 3025
o N o
6.85 1.53

j] |
o N 0
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The present invention provide methods for inhibiting AC,
comprising contacting a compound set forth herein with AC.
These methods are useful for treating or alleviating the symp-
toms of cellular senescence and inflammation, which are
effects of ceramide in cells.

In one aspect the invention provides NAAA inhibitors
which are selective for NAAA over AC. The present invention
also provides compounds having an ICs, for inhibiting
NAAA that is at least 10 fold-less than that for inhibiting AC.
The compounds and compositions described herein are useful
for inducing or modulating apoptosis, senescence and inflam-
mation. The compounds and compositions set forth herein are
useful in avoiding side effects due to modulation of ceramide
levels.

Methods for Screening Compounds for a Therapeutic
Activity

A variety of animal models can be used to test the com-
pounds of the present invention for their therapeutic effec-
tiveness in treating inflammatory and pain states. With the
aim to better illustrate the present invention, without limiting
it, certain methods for testing the compounds of the present
invention for therapeutic effectiveness are reported hereun-
der.

UV-B Irradiation

Male Sprague Dawley rats (150-175 g, Charles River,
Calco, Italy) were anaesthetized with a mixture of Tiletamine
(15 mg/Kg) and Zolazepam (15 mg/Kg) administered in a
single intra-peritoneal injection.

Rats were then placed on their backs and shrouded ina UV
opaque material with only the relevant surface of the plantar
right hind paw exposed, perpendicular to the narrowband
UVB light source situated above the level of the limb.

The UVB source used for all experiments consisted of a
bank of four TLO1 fluorescent tubes (Philips, UK, A,,,,=312
nm) spaced 2.5 cm apart producing an even field of irradia-
tion. The irradiance produced by the bulbs during each irra-
diation was determinate at the distance of the limb from the
light source using a calibrate meter (IL.1400A with SE1.240/
UVB-1/TD filter, ABLE Instruments & Controls Ltd, UK).
From this, the doses of UVB to which the rats were exposed
were calculated.

Behavioral Testing

After plantar irradiation, nociceptive withdrawal responses
to both thermal and mechanical stimuli were tested.

Heathypersensitivity was assessed using the rat plantar test
equipment (Ugo Basile, Italy) following the method
described by Hargreaves et al. (1988). Briefly, each animal
was placed in a clear acrylic cubicle (22x16.5x14 cm) on top
of glass floor in a temperature controlled room (22° C.) and
allowed to acclimatize for 15 min before testing. A mobile
infrared heat source was applied to the plantar surface of the
hind paws. The paw withdrawal latency (PWL) was defined
as the time (in seconds) taken by the rat to remove its hind paw
from the heat source. The heat source was calibrated to give a
response on 14-16 sec on uninjured paw. An automatic cut oft
point of 20 sec was applied to prevent tissue damage. Unin-
jured paw was always assessed first.

Mechanical withdrawal thresholds were tested using a
Dynamic Plantar Anesthesiometer (Ugo Basile, Italy).
Briefly, each animal was placed in a clear acrylic cubicle
(22%x16.5x14) on top of a metal grid in a temperature con-
trolled room (22° C.) and allowed to acclimatize for 15 min
before testing. The stimulus was applied via an actuator fila-
ment (0.5 mm diameter) which under computer control,
applied a linear force ramp of 2.5 g/s to the plantar surface of
the paw. Paw withdrawal stops the stimulation and records the
threshold. The withdrawal threshold is calculated as the aver-
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age of three consecutive tests with at list 5 minutes between
each test. A cut-off of 50 g was imposed to prevent any
significant tissue damage.

Fresh drug suspensions of compound 6 were prepared
immediately before use in a vehicle of vaseline oil plus 5%
lauric acid and given in a volume of 50 ulL./rat. Compound 6
dose-dependently reduced the UVB-induced inflammation as
shown in FIG. 1. Thermal hyperalgesia induced by irradiation
with 250 mJ/cm® of UVB was significantly reduced by the
two higher doses of compound 6 (10 and 30% w/w) compared
to vehicle treated animals (*p<0.05 and ***p<0.001 vs pre-
test; Bonferroni’s test).

Contact Dermatitis

2,4-dinitrofluorobenzene (DNFB) (Sigma-Aldrich, Italy)
was dissolved in acetone. On day 1 and 2, mice (CD1, 25-30
g, Charles River, Calco, Italy) were sensitized on the skin of
the abdomen with hapten (20 pulL of 0.5% DNFB). After 5
days, on day 7, mice were challenged with hapten (20 uL of
0.2% DNFB) in the earlobe and treated with drugs to be
tested. Control group received the vehicle used to dissolve
drugs. Mice (five per group) were placed in a plastic cage. On
day 8, ear thickness was determined after challenge using a
caliper. Results are expressed as absolute ear thickness.

Fresh drug suspensions of compound 6 were prepared
immediately before use in a vehicle consisting of petrolatum
plus 5% lauric acid and given in a volume of 20 pul./mouse.
Mice were treated with different concentrations of compound
6 or vehicle together with DNFB challenge on day 8. Appli-
cation of compound 6 (1-30% w/w suspension) dose-depen-
dently inhibited ear swelling 24 h after the challenge, as
shown in FIG. 2. Treatment with vehicle did not inhibit con-
tact sensitivity response (***p<0.001 vs naive group, and
#p<0.05 ###p<0.001 vs vehicle group; Bonferroni’s test).

Compound 6 and the reported f-lactone NAAA inhibitor
(S)-OOPP (Solorzano et al., Proceedings of the National
Academy of Science USA 2009, 106, 20966-20971; Solor-
zano et al., Journal of Medicinal Chemistry 2010, 53, 5770-
5781) were tested in this model for their contact sensitivity
response. Fresh drug solutions of (S)-OOPP and compound 6
were prepared immediately before use in polyethylene glycol
400 (PEG 400) and given in a volume of 20 pl./ear. Mice were
treated with different concentrations of (S)-OOPP, 0.1%
compound 6 or vehicle each day for 7 days. Ear thickness was
determined on day 0 and every day before challenge using a
caliper. Results are expressed as absolute ear thickness.
Application of (S)-OOPP (0.1-10% w/v) did not inhibit con-
tact sensitivity response, whereas 0.1% compound 6 pro-
duced a significant decrease in ear swelling, as shown in FIG.
26 (*** p<0.001 vs naive group, 2Way ANOVA followed by
Bonferroni’s post-test).

(S)-O0PP is N-[(3S)-2-0x0-3-0xetanyl]-3-phenylpro-
panamide, e.g.,

0 0
J:I%N

H

General Purification and Analytical Methods

UPLC/MS analyses were run on a Waters ACQUITY
UPLC/MS instrument consisting of a SQD Single Quadro-
pole Mass Spectrometer equipped with an electrospray ion-
ization interface and a photodiode array detector. The analy-
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ses were performed on an ACQUITY UPLC BEH C18
column (50x2.1 mmlID, particle size 1.7 um) with a VanGuard
BEH C18 pre-column (5x2.1 mmlID, particle size 1.7 um).
The mobile phases were 10 mM NH4OAc at pH 5 adjusted
with AcOH (A) and 10 mM NH,OAc in MeCN—H20 (95:5)
at pH 5 (B). Electrospray ionization in positive and negative
mode was used in the mass scan range 100-500 Da.

Automated column chromatography purification was done
using a Teledyne ISCO apparatus (CombiFlash® Rf) with
normal phase pre-packed silica gel columns of different sizes
(from 4 g until 120 g). Typical silica gel column chromatog-
raphy is intended as a purification performed using normal
glass columns filled with Merck silica gel 60 (230-400 mesh)
as stationary phase. In both cases, mixtures of increasing
polarity of cyclohexane and TBME or ethyl acetate were used
as eluents.

Purifications by preparative HPLC/MS were run on a
Waters Autopurification system consisting of a 3100 Single
Quadropole Mass Spectrometer equipped with an electro-
spray ionization interface and a 2998 Photodiode Array
Detector. The HPLC system included a 2747 Sample Man-
ager, 2545 Binary Gradient Module, System Fluidic Orga-
nizer and 515 HPL.C Pump. The purifications were performed
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on a XBridge™ Prep C,; OBD column (100x19 mmID, par-
ticle size 5 nm) with a XBridge™ Prep C,, (10x19 mmID,
particle size 5 nm) Guard Cartridge. The mobile phases were
either 1) H,O and MeCN (B) or 2) 10 mM NH,OAc at pH 5
adjusted with AcOH (A) and 10 mM NH_,OAc in MeCN—
H,O (95:5) at pH 5 (B). Electrospray ionization in positive
and negative mode was used in the mass scan range 100-500
Da.

Hydrogenation reactions were performed using H-Cube®
continuos hydrogenation equipment (SS-reaction line ver-
sion), employing disposable catalyst cartridges (CatCart®)
preloaded with the required heterogeneous catalyst.

Microwave heating was performed using Explorer®-48
positions instrument (CEM).

FTIR were recorded on Jasco FT/1R-420 Fourier trans-
form infrared spectrometer.

NMR experiments were run on a Bruker Avance III 400
system (400.13 MHz for 1H, and 100.62 MHz for 13C),
equipped with a BBI inverse probe and Z-gradients. Unless
indicated, spectra were acquired at 300 K, using deuterated
dimethylsulfoxyde (DMSO-d,) and deuterated chloroform
(CDCl,) as solvents.

With the aim to better illustrate the present invention, with-
out limiting it, the examples reported in Table 4 are provided.

TABLE 4

Examples of compounds of the invention

Example Structure Formula Name
1 CoH,,NO, Pentyl-[(28,3R)-2-
fo) fo) methyl-4-oxooxetan-3-
)J\ yl]-carbamate
o ! 0
C3H,3NO,  Octyl-[(2S,3R)-2-methyl-

2
J J(L
o N 0
3
| i
o X 0
4
J i
o X 0
5
J )(i\
o N 0
6
| i
o N 0

4-oxooxetan-3-yl]-
carbamate

C4H,NO, 2-(4-methylphenyl)-
ethyl-[(2S,3R)-2-methyl-
4-oxooxetan-3-yl]-

carbamate

C4H7NO, 3-phenylpropyl-[(2S,3R)-
2-methyl-4-oxooxetan-3-

yl]-carbamate

C,sH(NO, 4-phenylbutyl-[(2S,3R)-
2-methyl-4-oxooxetan-3-

yl]-carbamate

CH, NO,  S-phenylpentyl-[(2S,3R)-
2-methyl-4-oxooxetan-3-

yl]-carbamate
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TABLE 4-continued

Examples of compounds of the invention

Example Structure Formula Name

C4HysNO,  [(18)-1-methyloctyl]-N-
[(28,3R)-2-methyl-4-

7
¢} e}
oxo-oxetan-3-yl]-
carbamate
o N 0

8 CH ,NO, (18) and (1R)-1-(4-
fo) fo) phenylphenyl)-ethyl-N-
[(28,3R)-2-methyl-4-
oxo-oxetan-3-yl]-
S g o) carbamate
9 O C7H,50N,05  (1-benzoyl-4-piperidyl)-

N-[(28,3R)-2-methyl-4-
oxo-oxetan-3-yl]-
(6] (¢] /O\T carbamate
.
H
10 C,H oNO,  (1-methylcyclohexyl)-
fo) fo) [(28,3R)-2-methyl-4-
oxo-oxetan-3-yl]-
carbamate
N O

0 H
11 C, H,;7NO;s 4-methyltetrahydropyran-
0 0 0 4-yD)-N-[(28,3R)-2-
methyl-4-oxo-oxetan-3-
yl]-carbamate
o N 0
12 CsH, NO,  Tricyclo[3.3.1.1%7]dec-1-
o) yl [(2S,3R)-2-methyl-4-
0 oxooxetan-3-
yl]carbamate
O N
H 0
13 CoH ;NO, tert-Butyl-N-[(2S* 3R*)-
0 0 2-ethyl-4-oxo-oxetan-3-
yl]-carbamate and tert-
Butyl-N-(28*,38%)-2-
o N (o) ethyl-4-oxo-oxetan-3-yl]-
H carbamate
14 C,sH;NO, (3-phenylphenyl)-methyl-
fo) fo) N-[(28,3R)-2-methyl-4-
oxo-oxetan-3-yl]-
carbamate
o N 0
15 CH,0FNO, 5-(4-fluorophenyl)-
fo) fo) pentyl-N-[(2S,3R)-2-
methyl-4-oxo-oxetan-3-
yl]-carbamate
o N 0
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TABLE 4-continued

Examples of compounds of the invention

Example Structure Formula Name

16 CgH,sNO, 7-phenylheptyl-N-
fo) fo) [(28,3R)-2-methyl-4-

oxo-oxetan-3-
yl]carbamate

17 CgH;NO, (4-phenylphenyl)methyl-
0 0 N-[(28,3R)-2-methyl-4-

oxo-oxetan-3-yl]-
carbamate

18 CsH;oNOs  3-benzyloxypropyl-N-
fo) fo) [(28,3R)-2-methyl-4-
oxo-oxetan-3-yl]-

)]\ /\/\ carbamate
N (0] O
H

19 CsH,sNO, 4-cyclohexylbutyl-N-
o) o) [(28,3R)-2-methyl-4-
oxo-oxetan-3-yl]-
)J\ carbamate
N O
H

20 C,/H,3NO,  (2,2-dimethyl-4-phenyl-
o) o) butyl)-N-[(2S,3R)-2-

methyl-4-oxo-oxetan-3-
yl]-carbamate

21 C,7H»N,0, (1-benzyl-4-piperidyl)-N-
o) o) N [(28,3R)-2-methyl-4-
oxo-oxetan-3-yl]-
JI\ carbamate
N O
H

22 C,/H,3NO,  [(1R) and (18)-1-methyl-
fo) fo) 5-phenyl-pentyl]-N-

[(28,3R)-2-methyl-4-
oxo-oxetan-3-yl]-

N o) carbamate
H

23 C, H;7NO, (1-methylcyclopentyl) N-
o) o) [(28,3R)-2-methyl-4-
oxo-oxetan-3-yl]-
carbamate
N O
24 0 C,H(NO;s  (3-butyloxetan-3-yl)-N-
o) o) [(28,3R)-2-methyl-4-
oxo-oxetan-3-yl]-
carbamate
o N 0
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Examples of compounds of the invention

Example

Structure

Formula Name

25

26

27

28

29

30

31

32

33

e}

PN

Tz

J T
A8 M2

.

CgHysNO,  (1,1-dimethyl-5-phenyl-
pentyl)-N-[(2S,3R)-2-
methyl-4-oxo-oxetan-3-
yl]-carbamate

CgH;7;NO;5 (4-benzyloxyphenyl)-N-
[(28,3R)-2-methyl-4-
oxo-oxetan-3-yl]-
carbamate

Cy7H,NOs [3-(4-
phenylbutyl)oxetan-3-yl]-
N-[(28,3R)-2-methyl-4-
oxo-oxetan-3-yl]-
carbamate

CoH,,NO,  (1l-isopropyl-5-phenyl-
pentyl)-N-[(2S,3R)-2-
methyl-4-oxo-oxetan-3-

yl]-carbamate

C,H;NO, Cyclohexyl-N-(28,3R)-
2-methyl-4-oxooxetan-3-

yl]-carbamate

C1gH,3NO,  (15,4S) and (15,4R)-(4-
Benzylcyclohexyl)-N-
[(28,3R)-2-methyl-4-
oxooxetan-3-yl]-
carbamate

CgH, NO, (R,Z) and (S,E)-(4-
Benzylidenecyclohexyl)-
N-[(28,3R)-2-methyl-4-
oxooxetan-3-yl]-
carbamate

C,cH, NO, 5-Phenylpentyl-N-
[(28,3S)-2-methyl-4-
oxooxetan-3-yl]-
carbamate

C,3H,sNO, Phenethyl-N-[(2S,3R)-2-
methyl-4-oxo-oxetan-3-
yl]-carbamate
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Examples of compounds of the invention
Example Structure Formula Name
34 C,;H,3NO, 6-phenylhexyl-N-
fo) fo) [(28,3R)-2-methyl-4-
oxo-oxetan-3-yl]-
carbamate
o N 0
35 C¢H,7NO,  5-Cyclohexylpentyl-N-
fo) fo) [(28,3R)-2-methyl-4-
oxo-oxetan-3-yl]-
carbamate
36 CsHoNO;s  2-phenethyloxyethyl-N-
fo) fo) [(28,3R)-2-methyl-4-
)J\ oxo-oxetan-3-
fo) yl]carbamate
o N o S \/\@
H
37 R C,cH, NO, 5-Phenylpentyl-N-
fo) fo) [(2R,3S)-2-methyl-4-
)I\ oxo-oxetan-3-yl]-

carbamate

38 & C¢H, NO, 5-Phenylpentyl-N-

[(2R,3R)-2-methyl-4-
oxo-oxetan-3-yl]-
carbamate

39 C,H;,NO,  Hexyl-N-[(2S,3R)-2-

o) o) methyl-4-oxo-oxetan-3-
yl]-carbamate
d N ©

40 CpH, NO,  Heptyl-N-[(2S,3R)-2-

o) o) methyl-4-oxo-oxetan-3-
Jj\ yl]-carbamate
d i 0
41 C,;H,3NO, 5-Phenylpentyl-N-
(o) (0]

methyl-N-[(2S,3R)-2-
)]\ methyl-4-oxo-oxetan-3-

yl]-carbamate
g N O
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Examples of compounds of the invention
Example Structure Formula Name
42 CgH,3NO,  (4-Cyclohexylphenyl)-
o) o) methyl-N-[(2S,3R)-2-
methyl-4-oxo-oxetan-3-
yl]-carbamate
o] g O/\C\O
43 C3H;3NOg  1,3-Benzodioxol-5-yl-
fo) fo) methyl-N-[(2S,3R)-2-
methyl-4-oxo-oxetan-3-
yl]-carbamate
N O o
d N >
o
44

CoH ¢F3NO, [4-[4-(Trifluoromethyl)-
phenyl]-phenyl]-methyl-
N-[(28,3R)-2-methyl-4-

)J\ oxo-oxetan-3-yl]-
carbamate
o ! 0
F
F

C,¢HsNO,S  [4-(3-Thienyl)-phenyl]-
methyl-N-[(2S,3R)-2-
methyl-4-oxo-oxetan-3-

JI\ yl]-carbamate
S

CgH,3NO5 [4-(Cyclohexoxy)-

fo) fo) phenyl]-methyl-N-
[(28,3R)-2-methyl-4-

)J\ oxo-oxetan-3-yl]-

o] g O/\O\ carbamate.
O

47 \ C,7H,3NO, 5-Phenylpentyl-N-
&

45

46

[(2R* 3R *)-2-ethyl-4-
oxo-oxetan-3-yl]-
e}

jl carbamate
0 H
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Examples of compounds of the invention

Example

Structure

Formula

Name

48

49

50

51

52

53

C19H19N04

C17Hy3NO,

C19H19N04

C 18H25NO4

C20H2 INO4

C 18H25NO4

(4-Phenylphenyl)-
methyl-N-[(2R*,3R*)-2-
ethyl-4-oxo-oxetan-3-yl]-

carbamate

5-Phenylpentyl-N-
[(28*,3R*)-2-ethyl-4-
oxo-oxetan-3-yl]-
carbamate

(4-Phenylphenyl)-
methyl-N-[(2S*,3R*)-2-
ethyl-4-oxo-oxetan-3-yl]-
carbamate

5-Phenylpentyl-N-
[(2R*,3R*)-2-isopropyl-
4-ox0-oxetan-3-yl]-
carbamate

(4-Phenylphenyl)-
methyl-N-[(2R*,3R*)-2-
isopropyl-4-oxo-oxetan-

3-yl]-carbamate

5-Phenylpentyl-N-
[(2S*,3R*)-2-isopropyl-
4-ox0-oxetan-3-yl]-
carbamate
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Examples of compounds of the invention

Example

Structure

Formula Name

54

55
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C,oH, NO, (4-Phenylphenyl)-

methyl-N-[(2S*,3R*)-2-

isopropyl-4-oxo-oxetan-
3-yl]-carbamate

CyoHyoNO,  (1,1-Dimethyl-5-phenyl-

pentyl)-N-[(2R* 3R*)-2-

isopropyl-4-oxo-oxetan-
3-yl]-carbamate

CoH,,NO, 5-Phenylpentyl-N-
[(2R*,3R*)-2-tert-butyl-
4-ox0-oxetan-3-yl]-
carbamate

C, H,3NO, (4-Phenylphenyl)-

methyl-N-[(2R*,3R*)-2-

tert-butyl-4-oxo-oxetan-
3-yl]-carbamate

CoH,,NO, 5-Phenylpentyl-N-
[(28%*,3R*)-2-tert-butyl-
4-ox0-oxetan-3-yl]-

carbamate

C, H,3NO, (4-Phenylphenyl)-
methyl-N-[(2S*,3R*)-2-
tert-butyl-4-oxo-oxetan-

3-yl]-carbamate
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The compounds reported in Table 4 were synthesized as
described below.

Solvents and reagents were obtained from commercial
suppliers and were used without further purification. For sim-
plicity, solvents and reagents were indicated as follows.

Tetrahydrofuran (THF), diethyl ether (Et,O), ethyl acetate
(AcOEt), dichlorometane (CH,Cl,), dimethylsulfoxyde
(DMSO) hydrochloric acid (HCI), cyclohexane (Cy), acetic
acid (CH;COOH), trifluoroacetic acid (TFA), N,N-dimethyl-
formamide (DMF), triethylamine (Et;N), methanol (MeOH),
acetonitrile (CH,CN), methyl tert-butyl ether (M TBE), etha-
nol (EtOH), N,N-Diisopropylethylamine (DIPEA), sodium
bicarbonate (NaHCO;), sodium solfate (Na,SO,), sodium
hydroxide (NaOH), ammonium chloride (NH,Cl), silica gel
(8i0,), sodium nitrite (NaNO,), sodium carbonate
(Na,CO,), potassium carbonate (K,CO,), potassium hydro-
gen sulfate (KHSO,), 4-(dimethylamino)-pyridine (DMAP),
di-2-pyridyl carbonate (2-DPC), carbonyl-diimidazole
(CDI), lithium bis-(trimethylsilyl)-amide (LHMDS), n-bu-
tyllithium (BuLi), lithium aluminum hydride (LiAlH,),
sodium borohydride (NaBH,), benzotriazol-1-yl-oxytripyr-
rolidinophosphonium  hexafluorophosphate ~ (PyBOP),
O-benzotriazole-N,N,N',N'-tetramethyl-uronium hexafluo-
rophosphate (HBTU), O-(benzotriazol-1-y1)-N,N,N' N'-tetra
methyluronium tetra fluoroborate (TBTU), 1,3-dimethyl-3,4,
5,6-tetrahydro-2(1H)-pyrimidinone (DMPU).

Example 1

Pentyl-[(2S,3R)-2-methyl-4-oxooxetan-3-yl]-car-
bamate

Step 1. Preparation of (2R,3S)-3-hydroxy-2-{[(pen-
tyloxy)carbonyl]amino } butanoic acid

In a round bottom flask NaHCO, (13.0 g, 155.3 mmol) was
suspended in THF (35 ml.) and water (70 mL), then D-threo-
nine (7.33 g, 61.6 mmol) and tetrabutylamonium bromide
(0.733 g) were added. Amyl chloroformate (10 mL, 68.4
mmol) was added dropwise and the reaction vigorously
stirred 18 h at rt. The mixture was diluted with water, washed
twice with Et,O and pH adjusted to 2 with 2M HCl solution.
The aqueous phase was extracted with AcOEt, the collected
organic phases were dried over Na,SO,, filtered and the sol-
vent removed under vacuum to yield the tile compound (13.0
g, 90%) as pale yellow oil, which was used in the next step
without further purification. R=0.26 (Cy/AcOEt 2:8+1%
CH;COOH; detection: ninhydrin, bromocresol green). FTIR
(em™): 3344, 2959, 2932, 2873, 1724, 1529, 1468, 1415
1378, 1258, 1075.

Step 2. Preparation of pentyl-[(2S,3R)-2-methyl-4-
oxooxetan-3-yl]-carbamate

In a four necked round bottom flask, Et;N (3.75 mL, 26.9
mmol) was added to a solution of (2R,3S)-3-hydroxy-2-{
[(pentyloxy)carbonyl]amino }butanoic acid (2 g, 8.96 mmol)
in dry CH,Cl, (100 mL) under argon. After cooling at 0° C.,
PyBOP (6.1 g, 11.6 mmol) was added and the mixture stirred
3 hat0°C., then 3.5 h at rt. The solvent was removed under
vacuum and crude purified by typical silica gel column chro-
matography, eluting with Cy/AcOEt (from 95:5 to 60:40).
The resulting white solid (0.539 g) was further triturated with
cyclohexane, yielding a pure compound (0.434 g, 22.5%) as
white solid. MS (ESI) m/z: 214.21 [M-H]". FTIR (cm™):
3323,3074,2958,2931,2871, 1854, 1692, 1545,1471, 1391,
1334,1270, 1150, 1126, 1087, 1025, 982, 844, 823. 'H NMR

78
(CDCLy): 8 0.91 (t, 3H); 1.31-1.35 (m, 4H); 1.47 (d, 3H);
1.60-1.67 (m, 2H); 4.06-4.14 (m, 2H); 4.84-4.91 (m, 1H);
5.42-5.49 (m, 2H).

5 Example 2

Octyl-[(28,3R)-2-methyl-4-oxooxetan-3-yl]|-carbam-
ate

10 Step 1. Preparation of (2R,3S)-3-hydroxy-2-{[(octy-
loxy)carbonyl]amino } butanoic acid

In a round bottom flask, NaHCO; (9.74 g, 116 mmol) was
suspended in THF (25 ml.) and water (50 mL.), then D-threo-
nine (5.47 g, 46.0 mmol) and tetrabutylamonium bromide
(0.547 g) were added. n-Octyl chloroformate (10 mL, 51.1
mmol) was added dropwise and the reaction vigorously
stirred 18 h at rt. The mixture was then diluted with water,
washed twice with Et,O and pH adjusted to 2 with 2M HCI
20 golution. The aqueous phase was extracted with AcOEt, the
collected organic phases were dried over Na,SO,,, filtered and
the solvent removed under vacuum to give the title compound
(3.37 g, 27%) as pale yellow oil, which was used in the next
step without further purification. R ~0.26 (Cy/EtOAc 2:8+

25 1% CH,COOH; detection: ninhydrin, bromocresol green).
FTIR (cm™): 3340 (br), 2928, 2856, 1724 (br), 1526, 1261,
1074.

—_
w

Step 2. Preparation of Octyl-[(2S,3R)-2-methyl-4-
30 oxooxetan-3-yl]-carbamate

In a four-necked round bottom flask, Et;N (1.5 mL, 10.9
mmol) was added to a solution of (2R,3S)-3-hydroxy-2-{
[(octyloxy)carbonyl]amino } butanoic acid (1 g, 3.63 mmol)

35 in dry CH,Cl, (40 mL) under argon. After cooling at 0° C.,
HBTU (2.07 g, 5.45 mmol) was added and the mixture stirred
3hat0°C.,then3.5hatrt. The obtained solid was filtered-off
and the solvent removed under vacuum. The crude was puri-
fied by typical silica gel column chromatography, eluting

40 with Cy/AcOFEt (from 95:5 to 60:40). The resulting white
solid (ca. 0.19 g) was further triturated with cyclohexane, to
afford a pure compound (0.165 g, 18%) as white solid. MS
(BSI) m/z: 256.31 [M-H]~. FTIR (cm™): 3326, 2958, 2924,
2856, 1857, 1692, 1547, 1333, 1270, 1087, 1025, 845. 'H

45 NMR (CDCl,): 8 0.87-0.90 (t, 3H); 1.28-1.36 (m, 10H); 1.47
(t, 3H); 1.59-1.66 (m, 2H); 4.06-4.15 (m, 2H); 4.84-4.91 (m,
1H); 5.38-5.48 (m, 2H).

Example 3
50
2-(4-methylphenyl)ethyl-[(2S,3R)-2-methyl-4-
oxooxetan-3-yl]-carbamate

Step 1: Preparation of (2R,38)-3-hydroxy-2-({[2-(4-
55 methylphenyl)ethoxy]carbonyl }amino) butanoic acid

In a four necked round bottom flask, CDI (9.32 g, 57.4
mmol) was added to a solution of 4-methylphenethyl alcohol

(4 mL, 28.7 mmol) in anhydrous DMF (60 mL) under argon.

60 After stirring 2 h at rt, D-threonine (3.42 g, 28.7 mmol)
dissolved in water (60 mL) and Et;N (6 mL, 43.1 mmol) were
added. The mixture was heated at 50° C. for 16 h, then
allowed to cool. Water (600 mL) was added and the mixture
washed with Et,O (2x300mL). The aqueous phase was acidi-

5 fied with 2M HCl solution then extracted with AcOEt (3x500
mL). The collected organic phases were washed with brine
and then dried over Na,SO,, filtered and the solvent removed

o
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under vacuum. The crude was further co-evaporated with
toluene, to yield a pale yellow oil (3.72 g, 46%), which was
used in the next step without further purification. R =0.4
(Cy/AcOFEt 2:8+1% CH,COOH). FTIR (cm™): 3419(br),
2977,2932,1716,1661,1517,1388, 1255, 1226, 1099, 1077,
665.

Step 2. Preparation of 2-(4-methylphenyl)ethyl [(2S,
3R)-2-methyl-4-oxooxetan-3-yl]-carbamate

In a four necked round bottom flask, Et;N (7.3 mL, 52.5
mmol) was added to a solution of (2R,3S)-3-hydroxy-2-({[2-
(4-methylphenyl)ethoxy]carbonyl}amino) butanoic acid
(4.85 g, 17.5 mmol) in dry CH,Cl, (190 mL) under argon.
After cooling at 0° C., HBTU (9.87 g, 26.2 mmol) was added
and the mixture stirred 3 h at 0° C., then 3.5 h at rt. The
obtained solid was filtered-off and the solvent removed under
vacuum. The crude was purified by typical silica gel column
chromatography, eluting with Cy/AcOEt (from 95:5 to
60:40). The resulting white solid (0.658 g) was further tritu-
rated with cyclohexane to afford the pure title compound
(0.450 g, 10%), as white solid. MS (ESI) m/z: 262.21
[M-H]~. FTIR (cm™): 3299, 3050, 2966, 2924, 2854, 1827,
1690, 1540, 1355, 1270, 1121, 1095, 1021, 844, 817.
'H-NMR (CDCl,): § 1.42 (d, 3H); 2.33 (s, 3H); 2.90 (t, 2H);
431 (t,2H); 4.81-4.88 (m, 1H); 5.39-5.46 (m, 2H); 7.08-7.13
(m, 4H).

Example 4

3-phenylpropyl-[ (2S,3R)-2-methyl-4-oxooxetan-3-
yl]-carbamate

Step 1. Preparation of
3-phenylpropyl-chlorocarbonate

In a four necked round bottom flask, triphosgene (5.45 g,
55.1 mmol) was dissolved in toluene (80 mL) under argon.
After cooling at 0° C., pyridine (4.8 mL, 58.8 mmol) was
added dropwise during 1 h and the resulting suspension
stirred for further 1 h at 0° C. 3-phenyl-1-propanol (5 mL,
36.8 mmol) was added dropwise in 30 min. After stirring at rt
for 24 h, the solid was filtered off and the solvent removed
under vacuum, yielding the title compound (6.2 g, 85%) as
pale yellow oil, which was used in the next step without
further purification. FTIR (cm™): 3086, 3065, 3027, 2995,
2932,2862, 1776, 1743, 1603, 1496, 1454, 1262, 1148, 745,
699.

Step 2. Preparation of (2R,3S)-3-hydroxy-2-{[(3-
phenylpropoxy)carbonyl]amino } butanoic acid

In a round bottom flask, NaHCO; (5.94 g, 70.7 mmol) was
suspended in THF (15 mL.) and water (30 mL.), then D-threo-
nine (3.34 g, 28.0 mmol) was added. 3-phenylpropyl chloro-
carbonate (6.2 g, 31.2 mmol) was slowly added, followed by
a catalytic amount (0.3 g) of tetrabutylamonium bromide.
After stirring 18 h at rt., the mixture was diluted with water
(100 mL), washed twice with Et,O (2x100 mL) and pH
adjusted to 2 with 2M HCl solution. The aqueous phase was
extracted with AcOEt (3x150 mlL), the collected organic
phases were dried over Na,SO,, filtered and the solvent
removed under vacuum to give the title compound (1.43 g,
18%), as colorless oil, which was used in the next step without
further  purification. R~038 (Cy/AcOEt 2:8+1%
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CH,COOH). FTIR (cm™'): 3340 (br), 3064, 3030, 2982,
2939, 1730 (br), 1528, 1374, 1241, 1094, 1072, 1048, 781,
749, 703.

Step 3. Preparation of 3-phenylpropyl-[(2S,3R)-2-
methyl-4-oxooxetan-3-yl]-carbamate

In a four necked round bottom flask, Et;N (1.4 ml, 10.1
mmol) was added to a solution of (2R,3S)-3-hydroxy-2-{[(3-
phenylpropoxy)carbonyl]amino } butanoic acid (0.95 g, 3.38
mmol) in dry CH,Cl, (40 mL) under argon. After cooling at
0° C., HBTU (1.92 g, 5.07 mmol, 1.5 eq) was added and the
mixture stirred 3 h at 0° C., then 16 h at rt. The obtained solid
was filtered off and the solvent removed under vacuum. The
crude was purified by typical silica gel column chromatogra-
phy, eluting with Cy/AcOEt (from 95:5 to 60:40). The result-
ing white solid (0.280 g) was further triturated with cyclo-
hexane to afford the pure title compound (0.240 g, 31%), as
white solid. MS (ESI) m/z: 262.27 [M-H]~. R=0.29 (Cy/
EtOAc 8:2; detection: phosphomolybdic acid). FTIR (cm™):
3328,3064,3030,2972,2929, 2859, 1851, 1691, 1542, 1333,
1270, 1130, 1083, 1024, 843, 822, 697. '"H NMR (CDCl,): §
1.46(d,3H); 1.93-2.00 (m, 2H); 2.67-2.71 (m, 2H); 4.09-4.18
(m, 2H); 4.84-4.90 (m, 1H); 5.38-5.48 (m, 2H); 7.11-7.31 (m,
SH).

Example 5

4-phenylbutyl-[(2S,3R)-2-methyl-4-oxooxetan-3-yl]-
carbamate

Step 1. Preparation of (2R,3S)-3-hydroxy-2-{[(4-
phenylbutoxy)carbonyl Jamino } butanoic acid

In a four necked round bottom flask, CDI (10.6 g, 65.5
mmol) was added to a solution of 4-phenylbutan-1-ol (5 mL,,
32.8 mmol) in anhydrous DMF (70 mL) under argon. After
stirring 2 h atrt, D-threonine (3.90 g, 32.8 mmol) dissolved in
water (70 mL) and Et;N (6.8 mL, 49.1 mmol) were added.
The mixture was heated at 50° C. for 16 h then allowed to
cool. Water (700 mL) was added and the mixture washed with
Et,0 (3x300 mL). The aqueous phase was acidified with 2M
HCI solution then extracted with AcOEt (3x500 mL). The
collected organic phases were dried over Na,SO,,, filtered and
the solvent removed under vacuum. The crude was further
co-evaporated with toluene to give a pale yellow oil (5.2 g,
54%), which was used in the next step without further puri-
fication. MS (ESI) m/z: 296[M+H]*; 294[M-H]|". R,~0.34
(Cy/AcOFEt 2:8+1% CH,COOH). FTIR (cm™): 3332 (br),
3027, 2978, 2938, 2863, 1719 (br), 1525, 1253, 1069, 779,
748, 699.

Step 2. Preparation of 4-phenylbutyl-[(2S,3R)-2-
methyl-4-oxooxetan-3-yl]-carbamate

In a four necked round bottom flask, Et;N (5.5 mL, 39.4
mmol) was added to a solution of (2R,3S)-3-hydroxy-2-{[(4-
phenylbutoxy)carbonyl]amino}butanoic acid (3.9 g, 13.1
mmol) in dry CH,Cl, (170 mL) under argon. After cooling at
0° C., HBTU (7.5 g, 19.7 mmol) was added and the mixture
stirred 3 h at 0° C., then 3.5 h at rt. The obtained solid was
filtered-off'and the solvent removed under vacuum. The crude
was purified by typical silica gel automatic column chroma-
tography, eluting with Cy/AcOEt (from 95:5 to 60:40). The
resulting pale yellow 0il (0.61 g) was further crystallized from
cyclohexane to afford the pure title compound, (0.23 g, 6%),
as white solid. MS (ESI) m/z: 276.24 [M-H]~. FTIR (cm™):
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3312,3060, 3026, 2942, 2861, 1826, 1694, 1545, 1337, 1269,
1126, 1023. “H NMR (CDCL,): 8 1.45 (d, 3H); 1.66-1.70 (m,
4H); 2.63-2.66 (m, 2H); 4.09-4.18 (m, 2H); 4.83-4.89 (m,
1H); 5.36 (br d, 1H); 5.45 (m, 1H); 7.16-7.31 (m, SH).

Example 6

S-phenylpentyl-[(2S,3R)-2-methyl-4-oxooxetan-3-
yl]-carbamate

10
Step 1. Preparation of
S-phenylpentyl-chlorocarbonate
In a four necked round bottom flask, triphosgene (22.0 g, s

74.2 mmol) was dissolved in toluene (325 mL) under argon.
After cooling at 0° C., pyridine (19.2 mL, 237.5 mmol) was
added dropwise during 1 h and the resulting suspension
stirred for 1 h at 0° C. S-phenylpentanol (25 mL., 148.4 mmol)
was added drop wise in 30 min. After stirring at rt for 16 h the
solid was filtered-off and the solvent removed under vacuum
yielding the title compound (31.7 g, 94%), which was used in
the next step without further purification. R =0.75 (Cy/AcOEt
8:2). FTIR (cm™): 3087, 3063, 3027, 2936, 2859, 1778,

20

1744, 1604, 1496, 1455, 1382, 1260, 1146, 1031, 941, 835, 25
731, 696.
Step 2. Preparation of (2R,3S)-3-hydroxy-2-({[(5-
phenylpentyl)oxy]carbonyl}amino)butanoic acid
30

In a round bottom flask, NaHCO, (12.0 g, 143.2 mmol)
was suspended in THF (30 mL) and water (60 mL), then
D-threonine (6.8 g, 56.8 mmol) was added followed by 5-phe-
nylpentyl chlorocarbonate (14.3 g, 63.1 mmol) and a catalytic
amount (0.67 g) of tetrabutylamonium bromide. After stirring
18 h at rt, the mixture was diluted with water, washed twice
with Et,O and pH adjusted to 2 with 2M HCI solution. The
aqueous phase was extracted with AcOEt (4x150 mL), the
collected organic phases were washed with brine, dried over
Na,SO,, filtered and the solvent removed under vacuum. The
crude was purified by typical silica gel column chromatogra-
phy, eluting with Cy/AcOEt (20:80+1% CH;COOH), yield-
ing the title compound (3.15 g, 18%), as pale yellow oil.
R~0.38 (Cy/AcOEt 2:8+1% CH,COOH). FTIR (em™):
3332 (br), 3027, 2935, 2859, 1714, 1530, 1454, 1415, 1257,
1072, 1007, 963, 870, 779, 748, 700. "H NMR (CDCl,): &
1.26 (d, 3H); 1.39 (m, 2H); 1.62-1.68 (m, 4H); 2.61 (t, 2H);
4.08 (t, 2H); 4.34 (d, 1H); 4.42 (d, 1H); 5.68 (d, 1H); 7.16-
7.78 (m, 3H); 7.26-7.28 (m, 2H).
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50
Step 3. Preparation of 5-phenylpentyl-[(2S,3R)-2-
methyl-4-oxooxetan-3-yl]-carbamate

In a two necked round bottom flask, Et;N (0.34 ml, 2.42
mmol) was added to a solution of (2R,3S)-3-hydroxy-2-({
[(5-phenylpentyl)oxy]|carbonyl }amino)-butanoic acid (0.25
g, 0.81 mmol) in dry CH,Cl, (10 mL) under argon. After
cooling at 0° C., HTBU (0.46 g, 1.21 mmol) was added and
the mixture stirred 3 h at 0° C., then 16 h at rt. The obtained
solid was filtered-off and the solvent removed under vacuum.
The crude was purified by typical silica gel column chroma-
tography eluting with Cy/AcOEt (from 98:2 to 80:20). The
title compound (0.107 g, 45%), was obtained as white solid,
which was further triturated with cyclohexane. MS (ESI) m/z:
290.21 [M-H]". FTIR (cm™"): 3330, 3064, 3027, 2936, 2858,
1849, 1695, 1540, 1387, 1333, 1262, 1129, 1076, 1023, 985,
921, 845, 822, 741, 697. '"H NMR (CDCl,): 8 1.38 (m, 2H);
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1.44 (d, 3H); 1.62-1.67 (m, 4H); 2.62 (1, 2H); 4.05-4.13 (m,
2H); 4.86 (m, 1H); 5.44 (t, 1H); 5.33 (d, 1H); 7.16-7.19 (m,
3H); 7.25-7.29 (m, 2H).

Example 7

[(1S)-1-methyloctyl]-N-[(2S,3R)-2-methyl-4-ox0-
oxetan-3-yl]-carbamate

Step 1. Preparation of [(1S)-1-methyloctyl]-2-py-
ridyl carbonate and [(1S)-1-methyloctyl]-2-oxopyri-
dine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of com-
mercially available (2S)-nonan-2-01 (0.3 g, 2.07 mmol) in dry
CH,CI, (3 mL), DMAP (0.025 g, 0.2 mmol) and di-2-pyridyl
carbonate (0.54 g, 2.49 mmol) were added. The reaction
mixture was left to react at rt for 15 h, then diluted with
CH,C1, and washed first with a saturated NH,Cl solution (4
ml) and subsequently with a saturated NaHCO; solution
(4x4 mL). The organic fraction was dried over Na,SO,, fil-
tered and concentrated to dryness to afford a yellowish oil
(0.55 g, quant.), as a mixture (ratio 1.8:1) of [(1S)-1-methy-
loctyl]-2-pyridyl carbonate and [(1S)-1-methyloctyl]-2-0x-
opyridine 1-carboxylate. The mixture of isomers was not
separated and used in the next step without any further puri-
fication. MS (ESI) m/z: 304 [M-K]*, 288 [M-Na]*, 266
[M-H]*, 140. (ESI) m/z: 264 [M-H]".

Step 2. Preparation of (2R,3S)-3-hydroxy-2-[[(1S)-1-
methyloctoxy]-carbonylamino]-butanoic acid

To a stirred mixture of D-threonine (0.150 g, 1.25 mmol)
and NaHCOj; (0.158 g, 1.89 mmol) in water (3 mL), the crude
mixture containing [(1S)-1-methyloctyl]-2-pyridyl carbon-
ate and [(1S)-1-methyloctyl]-2-oxopyridine 1-carboxylate
(0.501 g, 1.88 mmol) in THF (3 mL.) was added. After 15hat
rt, the crude mixture was rotary evaporated to remove the
organics and subsequently extracted with Et,0O (3x5 mlL.).
The aqueous phase was acidified with 2M HCl solution to pH
2-3 and subsequently extracted with AcOEt (3x10 mL). The
organic fraction was dried over Na,SO,, filtered and concen-
trated to dryness to afford the title compound (0.220 g, 62%)
as transparent oil, which was used in the next step without
further purification. MS (ESI) m/z: 290 [M-H]*; (ESI) m/z:
288 [M-H]". "H NMR (DMSO-dy): 8 0.87 (t, 1=6.8 Hz, 3H),
1.09 (d, J=6.4 Hz, 3H), 1.15 (d, J=6.2 Hz, 3H), 1.21-1.34 (m,
10H), 1.40-1.57 (m, 2H), 3.92 (dd, J=3.4, 9.0 Hz, 1H), 4.01-
4.11 (m, 1H), 4.60-4.70 (m, 1H), 6.55 (d, J=9.0 Hz, 1H),
12.49 (s, 1H).

Step 3. Preparation of [(1S)-1-methyloctyl]-N-[(2S,
3R)-2-methyl-4-0x0-oxetan-3-yl|-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(2R,38)-3-hydroxy-2-[[(1S)-1-methyloctoxy]-carbony-
lamino]-butanoic acid (0.2 g, 0.69 mmol) in dry CH,Cl, (20
mL), Et;N (0.29 mL, 2.07 mmol) and subsequently TBTU
(0.27 g, 0.83 mmol) were added. The mixture was left stirring
1hat0°C. and 15 h at rt. Upon full conversion of the starting
material, the organics were removed under reduced pressure,
and the resulting crude product absorbed over silica gel and
purified by typical column chromatography, eluting with
Cy/AcOEt (from 100:0 to 40:60) to give the title compound
(0.1 g, 53%) as a white solid. MS (ESI) m/z: 272 [M-H]*;
(ESI) m/z: 270 [M-H]". 'H NMR (DMSO-d,): 8 0.85 (t,
J=6.8 Hz, 3H), 1.15 (d, I=6.3 Hz, 3H), 1.20-1.31 (m, 10H),
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1.34(d, J=6.4 Hz, 3H), 1.41-1.56 (m, 2H), 4.63-4.74 (m, 1H),
4.83 (dq, J=6.3 Hz, 1H), 5.39 (dd, J=6.3, 9.3 Hz, 1H),8.11 (d,
J=9.3 Hz, 1H).

Example 8

(1S) and (1R)-1-(4-phenylphenyl)-ethyl-N-[(2S,3R)-
2-methyl-4-oxo-oxetan-3-yl]-carbamate

Step 1. Preparation of 1-(4-phenylphenyl)ethyl-2-
pyridyl-carbonate and 1-(4-phenylphenyl)-ethyl-2-
oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of com-
mercially available 1-(4-phenylphenyl)-ethanol (0.4 g, 2.01
mmol) in dry CH,Cl, (4 mL), DMAP (0.024 g, 0.2 mmol) and
di-2-pyridyl carbonate (0.52 g, 2.42 mmol) were added. The
reaction mixture was left to react at rt for 15 h, then diluted
with CH,Cl, and washed first with a saturated NH,Cl solu-
tion (3 mL) and subsequently with a saturated NaHCO; solu-
tion (4x3 mL). The organic fraction was dried over Na,SO,,
filtered and concentrated to dryness to afford a yellowish oil
(0.63 g, 98%) as a mixture (ratio 1.7:1) of 1-(4-phenylphenyl)
ethyl-2-pyridyl-carbonate and 1-(4-phenylphenyl)ethyl-2-
oxopyridine 1-carboxylate. The mixture of isomers was not
separated and used in the next step without any further puri-
fication. MS (ESI) m/z: 342 [M-Na]*, 276, 181.

Step 2. Preparation of (2R,3S)-3-hydroxy-2-[[-(1S)-
(4-phenylphenyl)-ethoxy|carbonylamino]-butanoic
acid and (2R,3S)-3-hydroxy-2-[[-(1R)-(4-phenylphe-
nyl)-ethoxy]|carbonylamino]-butanoic acid

To a stirred mixture of D-threonine (0.150 g, 1.25 mmol)
and NaHCO,; (0.158 g, 1.89 mmol) in water (3.5 mL), the
crude mixture containing 1-(4-phenylphenyl)ethyl-2-py-
ridyl-carbonate and 1-(4-phenylphenyl)-ethyl-2-oxopyri-
dine-1-carboxylate (0.60 g, 1.88 mmol) in THF (3.5 mL.) was
added. After 15 hat rt the crude mixture was rotary evaporated
to remove the organics and subsequently extracted with Et,O
(3x5 mL). The aqueous phase was acidified with 2M HCl
solution to pH 2-3 and subsequently extracted with AcOEt
(3x10 mL). The organic fraction was dried over Na,SO,,
filtered and concentrated to dryness to afford the title com-
pound (0.39 g, 90%) as a mixture (ratio 1:1) of two diastere-
oisomers, as transparent oil, which was used in the next step
without further purification. MS (ESI) nv/z: 366 [M-Nal*,
361 [M-NH,]*; (ESI) m/z: 342 [M-H]~. "H NMR (DMSO-
de) (asa 1:1 mixture of diastereoisomers): 8 1.06 (d, J=6.4 Hz,
3H), 1.12 (d, J=6.4 Hz, 3H), 1.50 (d, J=6.5 Hz, 6H), 3.92 (dd,
J=3.4,9.1 Hz, 1H), 3.94 (dd, J=3.4, 9.2 Hz, 1H), 4.02-4.11
(m, 2H), 5.74 (dq, J=6.3 Hz, 2H), 6.88 (d, J=8.9 Hz, 1H), 6.89
(d, J=9.0 Hz, 1H), 7.32-7.50 (m, 10H), 7.62-7.69 (m, 8H),
12.49 (s, 2H).

Step 3. Preparation of (15) and (1R)-1-(4-phenylphe-
nyl)-ethyl-N-[(2S,3R)-2-methyl-4-0x0-oxetan-3-yl]-
carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(2R,38)-3-hydroxy-2-[[-1-(4-henylphenyl)-ethoxy]|carbony-
lamino]-butanoic acid (0.4 g, 1.16 mmol) in dry CH,Cl, (20
mL), Et;N (0.49 mL, 3.49 mmol) and subsequently TBTU
reagent (0.45 g, 1.39 mmol) were added. The mixture was left
stirring 1 hat 0° C. and 15 h at rt. Upon full conversion of the
starting material, the organics were removed under reduced
pressure, and the resulting crude product absorbed over silica
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gel and purified by typical column chromatography, eluting
with Cy/AcOEt (from 100:0 to 30:70) to give the title com-
pound (0.18 g, 47%) as a mixture (ratio 1:1) of diastereoiso-
mers, as a white solid. MS (ESI) m/z: 348 [M-Na]*; (ESI)
m/z: 324 [M-H]~. 'H NMR (DMSO-d,) (as a 1:1 mixture of
diastereoisomers): d 1.33 (d, J=6.3 Hz, 3H), 1.35 (d, J=6.3
Hz,3H), 1.52 (d, J=6.6 Hz, 6H), 4.81-4.91 (m, 2H), 5.42 (dd,
J=6.2, 9.2 Hz, 2H), 5.76 (q, I=6.5 Hz, 2H), 7.33-7.51 (m,
10H), 7.63-7.69 (m, 8H), 8.37 (d, J=9.3 Hz, 2H).

Example 9

(1-benzoyl-4-piperidyl)-N-[(2S,3R)-2-methyl-4-oxo-
oxetan-3-yl]-carbamate

Step 1. Preparation of
1-(phenylcarbonyl)-piperidin-4-ol

In a four necked round bottom flask, under Argon atmo-
sphere, 4-hydroxypiperidine (5.32 g, 52.6 mmol) was dis-
solved in CH,Cl, (28 mL) and pyridine (28 mL). After cool-
ing at 0° C., benzoyl chloride (6.4 mL, 55.2 mmol), dissolved
in CH,Cl, (7 mL) was drop wise added. The ice bath was
removed and the mixture stirred 3 h at rt. The solid was
filtered-off and the solvent removed under vacuum. Purifica-
tion by typical column chromatography, eluting with
CH,Cl,/MeOH (20:1) afforded the title compound (7.6 g,
70%) as pale yellow oil. R =0.21 (CH,Cl,/MeOH 20:1). MS
(ESD) m/z: 206 [M-H]*. FTIR (cm™'): 3349, 3065, 3033,
3005,2934,2845,1607, 1574, 1453, 1365, 1339, 1273, 1238,
1180, 1077, 998, 788, 730, 688.

Step 2. Preparation of (2R,3S)-3-hydroxy-2-[({[1-
(phenylcarbonyl)piperidin-4-yl]oxy }carbonyl)
amino|-butanoic acid

In a four necked round bottom flask, under Argon, CDI
(12.0 g, 74 mmol) was added to a solution of 1-(phenylcar-
bonyl)-piperidin-4-ol (7.6 g, 37 mmol) in anhydrous DMF
(100 mL). After stirring 2 h at rt, D-threonine (4.42 g, 37
mmol), dissolved in H,O (70 mL) and Et;N (7.7 mL, 55.5
mmol) were added. The mixture was heated at 50° C. for 16
h, then allowed to cool to rt. Water was added and the mixture
washed with Et,O (2x150mL). The aqueous phase was acidi-
fied with 2M HCl solution then extracted with AcOEt (2x200
mL). The collected organic phases were dried over Na,SO,,
filtered and the solvent removed under vacuum. The crude
was purified by column chromatography using a Teledyne
ISCO apparatus, eluting with AcOEt/MeOH (90:10+1%
CH,COOH). Mixed fractions were obtained and purified in
the same manner to give a pure compound (1.83 g, 14%) as
white solid. R=0.25 (AcOEVMeOH 9:1+1% CH,COOH).
FTIR (em™): 3407 (br), 3056,2925, 1720, 1560, 1450, 1266,
1235, 1068, 736.

Step 3. Preparation of (1-benzoyl-4-piperidyl)-N-
[(2S,3R)-2-methyl-4-ox0-0oxetan-3-yl]-carbamate

In a four necked round bottom flask, under Argon atmo-
sphere, Et;N (1.2 mL, 8.56 mmol) was added to a solution of
(2R,38)-3-hydroxy-2-[ ({[ 1-(phenylcarbonyl)piperidin-4-yl]
oxy }carbonyl)amino]-butanoic acid (1.0 g, 2.85 mmol) indry
CH,C1, (40 mL). After cooling at 0° C., HBTU (1.62 g, 4.28
mmol) was added and the mixture stirred 3 h at 0° C., then 16
h at rt. The solvent was removed under vacuum, and the
resulting crude mixture was purified by column chromatog-
raphy using a Teledyne ISCO apparatus, eluting with
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CH,Cl1,/AcOEt (50:50). The resulting yellow solid was fur-
ther purified trough reverse-phase automatic column chroma-
tography, eluting with H,O/CH;CN (70:30) to afford the title
compound (0.083 g, 9%) as white solid. R=0.47 (SiO,,
CH,Cl/AcOEt 1:1); R=0.39 (C18, 7:3 H,O/CH,CN). MS
(ESI) m/z: 333 [M-H]*. FTIR (cm™"): 3414, 3222, 3050,
2965,2929,2871,1825,1720,1612, 1550, 1449, 1262, 1232,
1119, 1068, 1031, 837, 711. 'H-NMR (CDCl,): & 1.47 (d,
3H); 1.58-2.04 (m, 4H); 3.30-4.08 (m, 4H); 4.86-4.90 (m,
1H); 4.93-4.97 (m, 1H); 5.45 (t, 1H); 5.56 (br s, 1H); 7.39-
7.44 (m, SH).

Example 10

(1-methylcyclohexyl)-[(2S,3R)-2-methyl-4-oxo-
oxetan-3-yl]-carbamate

Step 1. Preparation of
(1-methylcyclohexyl)-(4-nitrophenyl)-carbonate

In a round bottomed flask equipped with a magnetic stirrer
and a dropping funnel, CH,Cl, (20 mL) was loaded followed
by 1-methylcyclohexanol (2 ml., 16.1 mmol) and pyridine
(2.5 mL, 32.3 mmol). The clear solution was chilled at 0° C.
on an ice bath, and after 10 min a solution p-nitrophenylchlo-
roformate (3.25 g, 16.1 mmol) in CH,Cl, (10 mL) was added
dropwise in a period of 10 min. A white precipitate appeared
almost immediately, which changed to yellow upon leaving
the mixture under stirring at rt overnight. Water (20 mL) was
then added and the mixture was stirred for 10 min. The two
phases were separated and the organic phase was washed
again with water (20 mL) then dried over Na,SO,. Solvents
were removed under vacuum to give an oil which was purified
by typical chromatography eluting with petroleum ether/
AcOEt (from 70:30 to 1:1). The title compound was obtained
(1.9 g, 42%), as light yellow oil, which was used in the next
step without further purification. 'H NMR (CDCl,): & 1.25-
1.65 (m, 8H), 1.57 (s, 3H), 2.20 (m, 2H), 7.36 (d, J=9.1 Hz,
2H), 8.26 (d, J=9.1 Hz, 2H).

Step 2. Preparation of
(1-methylcyclohexyl)-N-aminocarbamate

In a round bottomed flask equipped with a magnetic stirrer
(1-methylcyclohexyl)-(4-nitrophenyl)-carbonate (0.816 g,
2.92 mmol) was dissolved in THF (7 mL) and after 5 min
hydrazine hydrate (0.28 mL, 5.85 mmol) was added in one
portion. A yellow color immediately appeared which deep-
ened to red in 1 hr. After 3 hr at rt, 1.25M NaOH solution (20
ml) and MTBE (25 mL) were added and the mixture was
stirred for 10 min. The two phases were separated and the
organic phase was washed again with 1.25M NaOH solution
(15 mL) for 10 min (until colorless solution), dried over
Na,SO, and concentrated to give a colorless oil (0.497 g,
98%), which is used in the next step without purification. 'H
NMR (CDCl,): § 1.20-1.60 (m, 8H), 1.49 (s, 3H), 2.10 (m,
2H), 3.67 (bs, 2H), 5.81 (bs, 1H).

Step 3. Preparation of (2S,3R)-3-hydroxy-2-[(1-me-
thylcyclohexoxy )carbonylamino|-butanoic acid

In a round bottomed flask equipped with a magnetic stirrer,
(1-methylcyclohexyl)-N-aminocarbamate (0.497 g, 2.89
mmol), H,O (4 mL) and CH;COOH (0.33 mL,, 5.78 mmol)
were added sequentially. The mixture was cooled to 0° C. and
NaNO, (0.239 g, 3.47 mmol) dissolved in H,O (1 mL) was
added dropwise. The cloudy mixture was stirred for 40 min at
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rt, then dioxane (10 mL) was added followed by a D-threo-
nine salt solution [prepared from D-threonine (0.516 g, 4.33
mmol) dissolved in H,O (4 mL)) and Na,CO; (1.25 g, 11.56
mmol)]. The mixture was heated overnight at 45° C., then
cooled to rt. AcOEt (50 mL) and H,O (50 mL) were added
and, while maintaining a vigorous stirring, the pH was
adjusted to 2 with 2M HCI solution. The two phases were
separated and the aqueous phase washed again with of AcOEt
(15 mL) for 10 min. The combined organic portions were
dried over Na,SO, and concentrated to give a light yellow oil
(0.503 g, 67%) which was used in the next step without
further purification. MS (ESI) m/z: 282.3 [M-Na]*; (ESD)
m/z: 258.1 [M-H]". '"H NMR (DMSO-dy): 8 1.09 (d, ]=6.3
Hz, 3H), 1.10-1.65 (m, 8H), 1.40 (s, 3H), 2.04 (m, 2H), 3.89
(dd, J=9.3, 3.2 Hz, 1H), 4.06 (m, 1H), 6.31 (d, J=9.3, 1H),
12.08 (bs, 1H).

Step 4. Preparation of (1-methylcyclohexyl)-N-[(2S,
3R)-2-methyl-4-0x0-oxetan-3-yl|-carbamate

In a round bottomed flask equipped with a magnetic stirrer
and a dropping funnel (2S,3R)-3-hydroxy-2-[(1-methylcy-
clohexoxy)carbonylamino]-butanoic acid (0.503 g, 1.95
mmol) was dissolved in anhydrous CH,Cl, (50 mL). The
clear yellow solution was cooled to 0° C., PyBOP (1.22 g,
2.34 mmol) was added, followed by a dropwise addition of
Et;N solution (0.815 mL., 5.85 mmol) in anhydrous CH,Cl,
(5§ mL), over aperiod of 10 min. The crude mixture was stirred
at0°C. for 1 hthen overnight at rt. The reaction was quenched
by addition of 5% NaHCOj; solution (50 mL.) and the corre-
sponding mixture was vigorously stirred for 10 min. The two
phases were separated and the organic one collected, dried
over Na,SO, and concentrated to dryness to leave an oil,
which was purified by typical chromatography eluting with
petroleum ether/ AcOEt mixtures (from 9:1 to 7:3). The title
compound was obtained as white solid (0.070 g, 15%). m.p.:
92-93° C. MS (ESI) nv/z: 242.2 [M-H]*; (ESI) n/z: 240.1
[M-H]~. '"HNMR (DMSO-dy): 8 1.15-1.60 (m, 8H) 1.35 (d,
J=6.3 Hz, 3H), 1.42 (s, 3H), 2.02 (m, 2H), 4.83 (m, 1H), 5.35
(dd, 9.2, 6.3 Hz, 1H), 7.98 (d, J=9.2 Hz, 1H).

Example 11

(4-methyltetrahydropyran-4-y1)-N-[(2S,3R)-2-me-
thyl-4-oxo-oxetan-3-yl]-carbamate

Step 1. Preparation of (4-methyltetrahydropyran-4-
y1)-(4-nitrophenyl)-carbonate

In a flame-dried round bottomed flask equipped with a
magnetic stirrer, 4-methyltetrahydropyran-4-ol (1.5 g, 12.9
mmol), prepared as described in patent application WO2004/
041161, was dissolved in CH,Cl, (30 mL). The mixture was
chilled to 0° C. then pyridine (2.04 mL., 25.82 mmol, 2 eq) and
p-nitrophenylchloroformate (3.38 g, 16.78 mmol) solution in
CH,Cl, (10 mL) were slowly added. A white precipitate
almost immediately appeared and the mixture was stirred
overnight at rt. The crude mixture was then diluted with
CH,Cl,, washed with 1M HCI solution, saturated NaHCO,
solution and finally with brine. The two phases were sepa-
rated and the organic one was dried over Na,SO,. Removal of
the organics under reduced pressure gave a crude yellow solid
(3.8 g), as a 1:1 mixture of desired product and p-nitrophe-
nylchloroformate, which was used in the next step without
further purification. "H NMR (CDCL,): 8 1.67 (s, 3H), 1.87
(m, 2H), 2.23 (m, 2H), 3.78 (m, 4H), 7.39 (d, J=9.0 Hz, 2H),
8.29 (d, I=9.0 Hz, 2H)
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Step 2. Preparation of
(4-methyltetrahydropyran-4-yl)-N-aminocarbamate

In a round bottomed flask equipped with a magnetic stirrer,
crude (4-methyltetrahydropyran-4-yl)-(4-nitrophenyl)-car-
bonate from previous step (ca. 3.8 g) was dissolved in THF
(50 mL), then hydrazine hydrate (1.97 mL, 40.57 mmol) was
added in one portion. A yellow color immediately appeared
which deepened to red in 1 h. After 3h, 1.25M NaOH solution
(50 mL) and AcOEt (50 mL) were added and the mixture
stirred for 20 min. The phases were separated and the aqueous
one washed with more AcOEt (25 mL). The combined
organic liquors were washed with 1.25M NaOH solution (30
mL) (until clear colorless), dried over Na,SO, and concen-
trated to leave a colorless oil (0.540 g, 24% over two steps)
which was used in the next step without further purification.
'HNMR (CDCl,) 8 1.58 (s, 3H), 1.73 (m, 2H), 2.15 (m, 2H),
3.73 (m, 6H), 6.0 (bs, 1H).

Step 3. Synthesis of (2R,3S)-3-hydroxy-2-[ (4-meth-
yltetrahydropyran-4-yl)oxycarbonylamino|-butanoic
acid

In a round bottomed flask equipped with a magnetic stirrer
(4-methyltetrahydropyran-4-yl)-N-aminocarbamate (0.540
2,3.10 mmol), H,O (10 mL) and CH;COOH (0.35 mL, 6.20
mmol) were sequentially added. The resulting mixture was
cooled to 0° C. and NaNO, (0.354 g, 3.72 mmol) dissolved in
H,O (2 mL) was added dropwise. The cloudy mixture was
stirred for 1.5 h at rt. Dioxane (20 mL) followed by the
D-threonine salt solution [prepared from D-threonine (0.554
g, 4.65 mmol) solution in H,O (4 mL) and Na,CO; (1.34 g,
12.40 mmol)] were added to the mixture. After being left
overnight at 45° C., the crude mixture was then cooled to rt,
then H,O (30 mL) and AcOEt (80 mL) were added and, while
maintaining a vigorous stirring, the pH was adjusted to 2 with
2M HCl solution. The phases were separated and the aqueous
one washed with AcOEt (2x50 mL). The combined organic
liquors were dried over Na,SO, and concentrated to leave a
light yellow oil (0.647 g, 80%), which was used in the next
step without purification. MS (ESI) m/z: 284.1 [M-Na]*. 'H
NMR (DMSO-dg): § 1.09 (d, J=6.3 Hz, 3H), 1.47 (s, 3H),
1.63 (m, 2H), 1.99 (m, 2H), 3.61 (m, 5H), 3.90(dd, ]=9.4,6.3
Hz, 1H), 4.09 (m, 1H), 6.53 (d, J=9.4 Hz, 1H), 12.20 (bs, 1H).

Step 4. Preparation of (4-methyltetrahydropyran-4-
y1)-N-[(28,3R)-2-methyl-4-0x0-0oxetan-3-yl]-car-
bamate

In a round bottomed flask equipped with a magnetic stirrer
and a dropping funnel (2R,3S)-3-hydroxy-2-[(4-methyltet-
rahydropyran-4-yl)oxycarbonylamino]-butanoic acid (0.2 g,
0.77 mmol) was dissolved in anhydrous CH,Cl, (7 mL). The
clear yellow solution was cooled to 0° C., PyBOP (0.48 g,
0.92 mmol) was added, followed by dropwise addition, over
aperiod of 10 min, of Et;N (0.32 mL,, 3.85 mmol) solution in
anhydrous CH,Cl, (5 mL). The crude mixture was stirred at
0° C. for 1 h then overnight at rt. The reaction was quenched
by addition of 5% NaHCOj; solution (10 mL) and the corre-
sponding mixture was vigorously stirred for 10 min. The two
phases were separated and the organic one collected, dried
over Na,SO, and concentrated to dryness to leave an oil,
which was purified by typical chromatography eluting with
petroleum ether/AcOEt (from 20:80 to 0:100) to give title
compound (0.036 g, 19%) as a light yellow oil. MS (ESI) m/z:
244.1 [M-H]*; (ESI) m/z: 242.2 [M-H]~. "H NMR (DMSO-

10

20

25

30

35

40

45

50

55

60

65

88
dg) 81.20 (d, J=6.3 Hz, 3H), 1.48 (s, 3H), 1.67 (m, 2H), 1.99
(m, 2H), 3.60 (m, 4H), 4.83 (m, 1H), 5.37 (dd, 1=9.3, 6.3 Hz,
1H), 8.12 (d, J=9.3 Hz, 1H).

Example 12

Tricyclo[3.3.1.137]dec-1-y1 [(2S,3R)-2-methyl-4-
oxooxetan-3-yl]-carbamate

Step 1. Preparation of tricyclo[3.3.1.13° |dec-1-y1
chlorocarbonate

In a four necked round bottom flask, triphosgene (9.75 g,
32.8 mmol) was dissolved in toluene (140 mL.) under argon
atmosphere. After cooling to 0° C., pyridine (8.5 mL, 105
mmol) was added dropwise during 1 h and the resulting
suspension stirred for further 1 h at 0° C. 1-Adamantanol
(10.0 g, 65.7 mmol) was added portion-wise. After stirring at
rt for 24 h, the solid was filtered-off and the solvent removed
under vacuum to yield the title compound (12.3 g, 88%) as
yellowish oil, which was used in the next step without further
purification. FTIR (em™"): 2913, 2854, 1780, 1455, 1354,
1152, 1038, 957, 835, 802.

Step 2. Preparation of (2R,3S)-3-hydroxy-2-{[(tricy-
clo[3.3.1.1*7]dec-1-yloxy)carbonylJamino }butanoic
acid

In a round bottom flask, NaHCO; (1.78 g, 21.2 mmol) was
suspended in THF (4.5 mL) and H,O (9 mL), then D-threo-
nine was added (1.0 g, 8.39 mmol). Tricyclo[3.3.1.1%7]dec-
1-y1 chlorocarbonate (2.0 g, 9.33 mmol) was added slowly,
followed by a catalytic amount (0.1 g) of tetrabutylamonium
bromide. After stirring 18 h at rt, the mixture was diluted with
water, washed twice with Et,O and pH of aqueous phase
adjusted to 2 with 2M HCl solution. The aqueous phase was
extracted four times with AcOEt, the collected organic phases
were dried over Na,SO,, filtered, and the solvent removed
under vacuum to give the title compound (0.250 g, 10%) as
white solid. R =0.38 (AcOEt+1% CH,COOH, detection: nin-
hydrin). FTIR (cm™): 3421, 2911, 2852, 1718, 1509, 1254,
1068.

Step 3. Preparation of Tricyclo[3.3.1.1%7]dec-1-y1
[(2S,3R)-2-methyl-4-oxooxetan-3-yl]-carbamate

In a two necked round bottom flask, Et;N (0.34 ml, 2.42
mmol) was added to a solution of (2R,3S)-3-hydroxy-2-{
[(tricyclo[3.3.1.1%7]dec-1-yloxy)carbonyl]amino } butanoic
acid (0.240 g, 0.81 mmol) in dry CH,Cl, (12 mL) under
argon. After cooling at 0° C., HBTU (0.459 g, 1.21 mmol)
was added and the mixture stirred 3 h at 0° C., then 16 h at rt.
The obtained solid was filtered-off and the solvent removed
under vacuum. The crude mixture was purified by typical
silica gel column chromatography, eluting with Cy/AcOEt
(90:10). The resulting white solid (0.093 g) was further tritu-
rated with cyclohexane to afford the pure title compound
(0.065 g, 29%) as white solid. MS (ESI) m/z: 278.31 [M-H]".
R ~0.19 (Cy/AcOEt 9:1, detection: ninhydrin). FTIR (em™):
3338,2912,2854, 1828, 1688, 1533, 1457, 1342,1253, 1120,
1069, 1020, 970, 886, 820. 'H-NMR (CDCI,): 8 1.46 (d, 3H);
1.66 (m, 6H); 2.09 (m, 4H); 2.18 (m, 5H); 4.84 (m, 1H); 5.14
(d, 1H); 5.40 (t, 1H).



US 9,353,075 B2

89
Example 13

tert-Butyl-N-[(25*,3R *)-2-ethyl-4-ox0-oxetan-3-yl]-
carbamate and tert-Butyl-N-[(2S*,35%*)-2-ethyl-4-
oxo-oxetan-3-yl]-carbamate

Step 1. Preparation of methyl
2-(propanoylamino)-acetate

In a round bottomed flask, at 0° C., to a stirred suspension
of' methyl glycinate hydrochloride (0.68 g, 5.4 mmol) in Et,O
(2.0 mL), propanoyl chloride (1.0 g, 10.8 mmol) and satu-
rated K,CO; solution (3.8 ml.) were added. The reaction
mixture was stirred at 0° C. for 3 h, then extracted with Et,O
(3x10 mL) and the resulting organic layer washed with satu-
rated NaHCOj; solution, H,O, and brine. The aqueous phase
was saturated with NaCl and further extracted with AcOEt
(50 mL). The combined extracts were dried over Na,SO,,
filtered, and concentrated under reduced pressure to give the
crude title compound (0.55 g, 71%) as colorless oil, which
was used in the next reaction. MS (ESI) m/z: 168 [M-Na]*,
146 [M-HJ*.

Step 2. Preparation of methyl-2-[tert-butoxycarbo-
nyl-(propanoyl)-amino]-acetate

In a round bottomed flask, at rt, to a mixture of crude
methyl 2-(propanoylamino)-acetate (0.78 g, 5.4 mmol) in
CH;CN (2.0 mL), di-tert-butyl dicarbonate (1.46 g, 6.7
mmol) and N,N-dimethylaminopyridine (0.053 g, 0.43
mmol) were added. After stirring at rt overnight, the reaction
mixture was condensed in vacuo and the residue dissolved in
AcOEt. The organic layer was washed with KHSO,, solution
and brine, dried over Na,SO,, filtered, and concentrated in
vacuo affording a crude product, which was purified by typi-
cal silica gel column chromatography, eluting with petroleum
ether/AcOFEt (90:10) to give title compound (0.862 g, 65%) as
colorless oil. MS (ESI) m/z: 268 [M-Na]*. 'H NMR
(CDCl,): 6 1.18 (t,J=7.3 Hz, 3H), 1.52 (s, 9H), 2.97 (q, J=7.3
Hz, 2H), 3.76 (s, 3H), 4.48 (s, 2H).

Step 3. Preparation of methyl-2-(tert-butoxycarbony-
lamino)-3-oxo-pentanoate

Under argon atmosphere, at —=78° C., to a stirred solution of
methyl-2-[tert-butoxycarbonyl-(propanoyl)-amino|-acetate
(0.856 g, 3.5 mmol) in dry THF (4 mL) was initially added
DMPU (0.89 g, 7.0 mmol) followed by LHMDS (1M solution
in THEF, 8.75 mL, 8.75 mmol) over a period of 10 min. After
stirring at -=78° C. for 1.5 h, the reaction mixture was
quenched with saturated NH,Cl solution and extracted with
AcOEt (3x15 mL). The organic layer was washed with H,O
and brine, dried over Na,SO,, filtered, and concentrated in
vacuo affording a crude product, which was purified by typi-
cal silica gel column chromatography, eluting with petroleum
ether/AcOEt (90:10) to give pure product (0.694 g, 81%) as
colorless crystals. MS (ESI) m/z: 268 [M—-Na]*. '"H NMR
(CDCl,): 6 1.13 (t,1=7.2Hz, 3H), 1.47 (s, 9H), 2.57-2.87 (m,
2H), 3.82 (s, 3H), 5.07 (d, J=7.1 Hz, 1H), 5.73 (d, ]=4.5 Hz,
1H).

Step 4. Preparation of anti:syn methyl-2-(tert-bu-
toxycarbonylamino)-3-hydroxy-pentanoate

In a round bottomed flask, under vigorous stirring, to a
solution of methyl-2-(tert-butoxycarbonylamino)-3-oxo-
pentanoate (0.48 g, 1.95 mmol) in a 1:1 mixture of THF/
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MeOH (8 mL), NaBH,, (0.028 g, 0.73 mmol) was added at 0°
C. and the reaction stirred for 2 h letting the temperature rise
to rt. The reaction mixture was quenched with H,O and the
solvent evaporated. The crude product was dissolved in
AcOEt and washed with brine, then dried over Na,SO,, fil-
tered, and concentrated in vacuo affording a crude product,
which was purified by typical silica gel column chromatog-
raphy, eluting with petroleum ether/AcOEt (80:20) to give
pure product (0.361 g, 75%), as a diasteromeric mixture
(anti:syn=8:2), as a white solid. MS (ESI) m/z: 270 [M-Na]*.
'H NMR (CDCl,): 8 1.02 (t, I=7.4 Hz, 3H), 1.47 (s, 9H),
1.50-1.56 (m, 2H), 2.68 (d, J=4.7 Hz, 1H), 3.80 (s, 3H),
3.80-3.88 (m, 1H), 4.41 (d, J=1.5 Hz, 1H), 5.47 (s, 1H)
(reported data refers to the major anti diastereoisomer).

Step 5. Preparation of anti:syn
2-(tert-butoxycarbonylamino)-3-hydroxy-pentanoic
acid

To a stirred solution of methyl-2-(tert-butoxycarbony-
lamino)-3-hydroxy-pentanoate (0.532 g, 2.15 mmol) in a 6:4
mixture acetone/DMF (28 ml.), 1M NaOH solution (2.15
ml) was added and the reaction stirred rt for 1 h. After
evaporation of the solvent, the crude mixture was dissolved in
AcOEFEt and washed with H,O at pH adjusted to 4.5 with 1M
NaH,PO, solution. The organic layer was then dried over
Na,SO,, filtered, and concentrated in vacuo to give a crude
product (0.425 g, 85%) as a diasteromeric mixture (anti:
sin=8:2), as a white solid which was used in the next step
without any further purification. MS (ESD) m/z: 256
[M-Na]*. 'H NMR (DMSO-dy): 8 0.87 (t, I=7.3 Hz, 3H),
1.39 (s, 9H), 1.39-1.44 (m, 2H), 3.51-3.61 (m, 1H), 3.90 (dd,
J=5.8, 8.5 Hz, 1H,), 4.83 (s, 1H), 6.76 (d, J=8.7 Hz, 1H),
12.36 (s, 1H) (reported data refers to the major anti diastere-
oisomer).

Step 6. Preparation of tert-butyl-N-[(2S*,3R*)-2-
ethyl-4-oxo-oxetan-3-yl]-carbamate and tert-butyl-
N-[(2S*,35*)-2-ethyl-4-0x0-0xetan-3-yl]|-carbamate

To a stirred solution of 2-(tert-butoxycarbonylamino)-3-
hydroxy-pentanoic acid (0.173 mg, 0.74 mmol) in dry
CH,C1, (17 mL), Et;N (0.255 g, 2.3 mmol) and benzotriazol-
1-yl-oxytripyrrolidinophosphonium  hexafluorophosphate
(PyBOP) (0.463 mg, 0.89 mmol) were added at rt and the
reaction stirred overnight. Solvent was evaporated and the
crude product purified by typical silica gel column chroma-
tography, eluting with petroleum ether/ AcOEt (90:10) to give
a mixture of diastereoisomers (anti:sin=8:2) (0.081 g) as a
white solid. The diastereomeric mixture was further purified
by typical silica gel column chromatography, eluting with
petroleum ether/TBME (from 100:0 to 80:20) to give pure
diastereoisomers, tert-butyl-N-[(25* 3R*)-2-ethyl-4-oxo-
oxetan-3-yl]-carbamate (0.0095 g, 6%) and tert-butyl-N-
[(2S*,3S5%*)-2-ethyl-4-0x0-0oxetan-3-yl]-carbamate  (0.0382
g, 24%), as white solids.

tert-butyl-N-[(2S*,3R *)-2-ethyl-4-ox0-oxetan-3-yl]-car-
bamate: MS (EST) m/z: 238 [M-Na]*. 'H NMR (DMSO-d,):
80.88 (t,J=7.4 Hz, 3H), 1.41 (s, 9H), 1.59-1.83 (m, 2H), 4.57
(dd, J=6.2, 14.1 Hz, 1H), 5.39 (dd, J=6.0, 9.5 Hz, 1H,), 7.99
(d, J=9.4 Hz, 1H).

tert-butyl-N-[(25*,35*)-2-ethyl-4-0x0-0oxetan-3-yl]-car-
bamate: 'HNMR (DMSO-dy): 8 0.91 (t, J=7.4 Hz, 3H,), 1.40
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(s, 9H), 1.68-1.90 (m, 2H), 4.49 (td, J=4.4, 6.8 Hz, 1H), 4.64
(dd, J=4.3, 8.1 Hz, 1H), 7.79 (d, J=8.1 Hz, 1H).

Preparation of
(35,4R)-2-methyl-4-0x0-3-oxetanylammonium
toluene-4-sulfonate

O o)

N\

5
/
o7\
d NIt \o

The compound was synthesized as described in Solorzano
et al., Journal of Medicinal Chemistry 2010, 53, 5770-5781.

Example 14

(3-phenylphenyl)-methyl-N-[(2S,3R)-2-methyl-4-
oxo-oxetan-3-yl]-carbamate

Step 1. Preparation of 3-phenylbenzaldehyde

Ina microwave tube, to a solution of bromo-benzene (0.5 g,
3.18 mmol)dissolved in a 1:1 mixture toluene/EtOH (14 mL),
3-formylphenyl boronic acid (0.573 g, 3.82), palladium-tet-
rakis(triphenylphosphine) (0.184 g, 0.159 mmol) and 10%
Na,CO, solution (7 mL) were sequentially added. The reac-
tion was run at 100° C. for 30 min under microwave irradia-
tion. The crude product was diluted with AcOEt and brine,
and extracted. The organic phase was separated, dried over
Na,SO, and filtered over a pad of celite to give an organic
fraction, which was concentrated to dryness to afford the title
compound (0.671 g, quant.). "H NMR (CDCL,): § 8.23-7.36
(m, 9H), 10.13 (s, 1H).

Step 2. Preparation of (3-phenylphenyl)-methanol

Under nitrogen atmosphere, at 0° C., to a stirred solution of
NaBH, (0.56 g, 14.7 mmol) in dry MeOH (10 mL), 3-phe-
nylbenzaldehyde (0.67 g, 3.68 mmol) in dry MeOH (7 mL)
was added via a cannula. After 1 h, the crude was quenched
with water and concentrated to dryness. The resulting oil was
dissolved in AcOEt and extracted with water. The organic
fraction was dried over Na,SO,, filtered and subsequently
purified by column chromatography using a Teledyne ISCO
apparatus, eluting with Cy/TBME (from 100:0 to 50:50) to
afford the title compound (0.432 g, 64%) as a pure product.
'HNMR (CDCL,): 4 1.62-1.78 (m, 1H), 4.80 (d, 1=6.0, 1H),
7.33-7.75 (m, 9H).

Step 3. Preparation of (3-phenylphenyl)methyl-2-
pyridyl-carbonate and 3-phenylphenyl)methyl-2-
oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 3-phe-
nylphenyl methanol (0.3 g, 1.63 mmol) in dry CH,Cl, (3 mL),
Et;N (0.340 mL, 2.44 mmol) and di-2-pyridyl carbonate
(0.387 g, 1.79 mmol) were added. The reaction mixture was
leftat rt for 15 h, diluted with CH,Cl, and washed first with a
saturated NH,ClI solution (3 mL) and subsequently with a
saturated NaHCO; solution (3x3 mL). The organic fraction
was dried over Na,SO,, filtered and concentrated to dryness
to afford a dark oil (0.487 g, 98%), as a mixture (ratio 1:3) of
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3-phenylphenyl)methyl-2-pyridyl-carbonate and 3-phe-
nylphenyl)methyl-2-oxopyridine 1-carboxylate. The mixture
of'isomers was not separated and used in the next step without
any further purification. MS (ESI) m/z: 328 [M-Na]*, 306
[M-H], 262, 167.

Step 4. Preparation of (3-phenylphenyl)-methyl-N-
[(2S,3R)-2-methyl-4-ox0-0oxetan-3-yl]-carbamate

Under nitrogen atmosphere, to a stirred mixture of (3S,
4R)-2-methyl-4-0x0-3-oxetanylammonium  toluene-4-sul-
fonate (0.120 g, 0.44 mmol) in dry CH,Cl, (1 mL), DIPEA
(0.072 mL, 0.44 mmol) was added dropwise. Subsequently,
the crude mixture containing (3-phenylphenyl)-methyl-2-ox-
opyridine 1-carboxylate (0.402 g, 1.32 mmol) dissolved in
dry CH,Cl, (2 mL) was added. The reaction mixture was
stirred 15 h at rt, concentrated to dryness and purified by
column chromatography using a Teledyne ISCO apparatus,
eluting with cyclohexane/TBME (from 100:0 to 70:30) to
afford the title compound (0.045 g, 32%) as a white solid. MS
(ESI) m/z: 334 [M-Na]*. '"H-NMR (DMSO-d,): 8 1.36 (d,
J=6.4,3H), 4.88 (dq, J,=1,=6.3, 1H), 5.08-5.29 (m, 2H), 5.47
(dd,J=9.3,7=6.2, 1H), 7.31-7.79 (m, 9H), 8.40 (d, =9.3, 1H).

Example 15

5-(4-fluorophenyl)-pentyl-N-[(2S,3R)-2-methyl-4-
oxo-oxetan-3-yl]-carbamate

Step 1. Preparation of
5-(4-fluorophenyl)-pentan-1-ol

Under nitrogen atmosphere, at 0° C., to a stirring mixture
of LiAlH, (0.46 g, 12.23 mmol) in dry Et,O (5§ mL), 5-(4-
fluorophenyl)-pentanoic acid (0.6 g, 3.05 mmol) in dry Et,O
(35 mL) was added dropwise. The mixture was left to react at
rt for 4 h, then at 0° C. H,0 (0.46 mL), 3M KOH solution
(0.46 mL) and H,O (1.54 mL)) were very slowly added. The
mixture was stirred for 1 h at 0° C., filtered to remove the solid
residue, and the organic phase dried over Na,SO,. The
organic solution was again filtered and concentrated to dry-
ness atfording the title compound (0.53 g, 95%) as a colorless
oil. '"H NMR (CDCL,): & 1.36-1.47 (m, 2H), 1.58-1.71 (m,
4H), 2.58-2.65 (m, 2H), 3.66 (t, J=5.8 Hz, 2H), 6.94-7.02 (m,
2H), 7.11-7.17 (m, 2H).

Step 2. Preparation of 5-(4-fluorophenyl)-pentyl-2-
pyridyl-carbonate and 5-(4-fluorophenyl)-pentyl-2-
oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 5-(4-
fluorophenyl)-pentan-1-ol (0.3 g, 1.64 mmol) in dry CH,Cl,
(2mL), Et;N (0.34 mL, 2.5 mmol) and di-2-pyridyl carbonate
(0.409 g, 1.89 mmol) were added. The reaction mixture was
left to react at rt for 5 h, then diluted with CH,Cl, and washed
first with a saturated NH,Cl solution (3 mL) and subsequently
with a saturated NaHCO, solution (3x3 mL). The organic
fraction was dried over Na,SO,, filtered and concentrated to
dryness to afford an orange oil (0.44 g, 88%), as a mixture
(ratio 1:5) of 5-(4-fluorophenyl)-pentyl-2-pyridyl-carbonate
and 5-(4-fluorophenyl)-pentyl-2-oxopyridine 1-carboxylate.
The mixture of isomers was not separated and used in the next
step without any further purification. MS (ESI) m/z: 304
[M-H]*, 266.

Step 3. Preparation of 5-(4-fluorophenyl)-pentyl-N-
[(2S,3R)-2-methyl-4-ox0-0oxetan-3-yl]-carbamate

Under nitrogen atmosphere, to a stirred mixture of (3S,
4R)-2-methyl-4-0x0-3-oxetanylammonium  toluene-4-sul-
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fonate (0.100 g, 0.36 mmol) in dry CH,Cl, (1 mL), DIPEA
(0.060 mL, 0.36 mmol) was dropwise added. Subsequently,
the crude mixture containing 5-(4-fluorophenyl)-pentyl-2-
oxopyridine 1-carboxylate (0.55 g, 1.83 mmol) in dry CH,Cl,
(4 mL) was added. The reaction mixture was stirred 15 h at rt,
concentrated to dryness and purified by column chromatog-
raphy using a Teledyne ISCO apparatus, eluting with
Cy/TBME (from 100:0 to 70:30). The crude product was
further purified by preparative HPLC-MS to afford the title
compound (0.040 g, 35%) as a white solid. MS (EST) m/z: 310
[M-H]*; (ESI) m/z: 308 [M-H]|". 'H NMR (DMSO-d,): 8
1.27-1.37 (m, SH), 1.52-1.64 (m, 4H), 2.53-2.59 (m, 2H),
3.93-4.06 (m, 2H), 4.84 (dq, J=6.3 Hz, 1H), 5.40 (dd, J=6.1,
9.4 Hz, 1H), 7.04-7.13 (m, 2H), 7.18-7.26 (m, 2H), 8.19 (d,
J=9.4 Hz, 1H).

Example 16

7-Phenylheptyl-N-[(2S,3R)-2-methyl-4-0x0-oxetan-
3-yl]-carbamate

Step 1. Preparation of 7-phenylheptan-1-ol

Under nitrogen atmosphere, at 0° C., to a stirring mixture
of LiAlH, (0.51 g, 13.57 mmol) in dry Et,O (35 mL), 7-phe-
nylheptanoic acid (0.7 g, 3.39 mmol) in dry Et,O (5 mL) was
dropwise added. The mixture was left to react atrt for 4 h, then
at 0° C. H,O (0.51 mL), 3M KOH solution (0.51 mL) and
H,O (1.70 mL) were very slowly added. The mixture was
stirred for 1 h at 0° C., filtered to remove the solid residue, and
the organic phase dried over Na,SO,. The organic solution
was again filtered and concentrated to dryness affording the
title compound (0.586 g, 90%) as a colorless oil. 'H NMR
(CDCl,): 8 1.17-1.27 (m, 1H), 1.34-1.43 (m, 6H), 1.53-1.71
(m, 4H), 2.59-2.67 (m, 2H), 3.66 (t, J=6.5 Hz, 2H), 7.16-7.23
(m, 3H), 7.26-7.34 (m, 2H).

Step 2. Preparation of
7-phenylheptyl-2-pyridyl-carbonate and
7-phenylheptyl-2-oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 7-phe-
nylheptan-1-ol (0.44 g, 2.28 mmol) in dry CH,Cl, (4 mL),
DMAP (0.027 g, 0.23 mmol) and di-2-pyridyl carbonate
(0.593 g, 2.74 mmol) were added. The reaction mixture was
left to react at rt for 5 h, then diluted with CH,Cl, and washed
first with a saturated NH,Cl solution (3 mL) and subsequently
with a saturated NaHCO; solution (3x3 mL). The organic
fraction was dried over Na,SO,, filtered and concentrated to
dryness to afford a colorless oil (0.72 g, 98%) as a mixture
(ratio 1:1.5) of 7-phenylheptyl-2-pyridyl-carbonate and
7-phenylheptyl-2-oxopyridine 1-carboxylate. The mixture of
isomers was not separated and used in the next step without
any further purification. MS (ESI) m/z: 352 [M-K]*, 336
[M-Na]*, 314 [M-H]".

Step 3. Preparation of 7-phenylheptyl-N-[(2S,3R)-2-
methyl-4-0x0-oxetan-3-yl]-carbamate

Under nitrogen atmosphere, to a stirred mixture of (3S,
4R)-2-methyl-4-0x0-3-oxetanylammonium  toluene-4-sul-
fonate (0.100 g, 0.36 mmol) in dry CH,Cl, (1 mL), DIPEA
(0.060 mL, 0.36 mmol) was dropwise added. Subsequently,
the crude mixture containing 7-phenylheptyl-2-oxopyridine
1-carboxylate (0.34 g, 1.1 mmol) in dry CH,Cl, (4 mL) was
added. The reaction mixture was stirred 15 h at rt, concen-
trated to dryness and purified by column chromatography
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using a Teledyne ISCO apparatus, eluting with Cy/TBME
(from 100:0 to 70:30). The crude product was further purified
by preparative HPL.C-MS to afford the title compound (0.038
g, 33%) as a white solid. MS (ESI) m/z: 320 [M-H]*; (ESI)
m/z: 318 [M-H]". '"H NMR (DMSO-d,): § 1.24-1.38 (m,
9H), 1.49-1.62 (m, 4H), 2.53-2.61 (m, 2H), 3.93-4.07 (m,
2H), 4.85 (dq, J=6.3 Hz, 1H), 5.41 (dd, J=6.3, 9.4 Hz, 1H),
7.13-7.21 (m, 3H), 7.24-7.30 (m, 2H), 8.19 (d, J=9.4 Hz, 1H).

Example 17

(4-phenylphenyl)methyl-N-[(2S,3R)-2-methyl-4-
oxo-oxetan-3-yl]-carbamate

Step 1. Preparation of (4-phenylphenyl)-methyl-2-
pyridyl carbonate and (4-phenylphenyl)-methyl-2-
oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of the
commercially available (4-phenylphenyl)-methanol (0.3 g,
1.63 mmol) in dry CH,Cl, (4 mL), DMAP (0.01 g, 0.16
mmol) and di-2-pyridyl carbonate (0.46 g, 2.11 mmol) were
added. The reaction mixture was left to react at rt for 5 h, then
diluted with CH,Cl, and washed first with a saturated NH,Cl
solution (3 mL) and subsequently with a saturated NaHCOj,
solution (4x3 mL). The organic fraction was dried over
Na,SO,, filtered and concentrated to dryness to afford a dark
0il (0.48 g, 96%), as a mixture (ratio 1.5:1) of (4-phenylphe-
nyl)-methyl-2-pyridyl carbonate and (4-phenylphenyl)-me-
thyl-2-oxopyridine 1-carboxylate. The mixture of isomers
was not separated and used in the next step without any
further purification. MS (ESI) m/z: 306 [M-H]*, 262, 167,
(ESI") m/z: 249, 205, 155.

Step 2. Preparation of (4-phenylphenyl)-methyl-N-
[(2S,3R)-2-methyl-4-ox0-0oxetan-3-yl]-carbamate

Under nitrogen atmosphere, to a stirred mixture of (3S,
4R)-2-methyl-4-0x0-3-oxetanylammonium  toluene-4-sul-
fonate (0.12 g, 0.44 mmol) in dry CH,Cl, (1 mL), DIPEA
(0.072 mL, 0.44 mmol) was dropwise added. Subsequently,
the crude mixture containing (4-phenylphenyl)-methyl-2-ox-
opyridine 1-carboxylate (0.40 g, 1.31 mmol) indry CH,Cl, (2
ml.) was added. The reaction mixture was stirred 15 h at rt,
concentrated to dryness and purified by column chromatog-
raphy using a Teledyne ISCO apparatus, eluting with
Cy/TBME (from 100:0 to 70:30) to afford the title compound
(0.04 g,30%) as a white solid. MS (ESI) m/z: 329 [M-NH,]*,
350 [M-K]*; (ESI)m/z: 310 [M-H]~. "H NMR (DMSO-d,):
8 1.37 (d, J=6.4 Hz, 3H), 4.88 (dq, J=6.3 Hz, 1H), 5.12 (d,
J=12.5Hz, 1H), 5.16 (d, J=12.4 Hz, 1H), 5.47 (dd, J=6.1,9.4
Hz, 1H), 7.35-7.41 (m, 1H), 7.45-7.51 (m, 4H), 7.66-7.71 (m,
4H), 8.40 (d, J=9.3 Hz, 1H).

Example 18

3-Benzyloxypropyl-N-[(2S,3R)-2-methyl-4-0x0-
oxetan-3-yl]-carbamate

Step 1. Preparation of
3-benzyloxypropyl-2-pyridyl-carbonate and
3-benzyloxypropyl-2-oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of the
commercially available 3-benzyloxypropan-1-ol (0.3 g, 1.80
mmol) in dry CH,Cl, (3 mL), DMAP (0.022 g, 0.18 mmol)
and di-2-pyridyl carbonate (0.51 g, 2.34 mmol) were added.



US 9,353,075 B2

95

The reaction mixture was left to react at rt for 4 h, then diluted
with CH,Cl, and washed first with a saturated NH,Cl solu-
tion (3 mL) and subsequently with a saturated NaHCO; solu-
tion (4x3 mL). The organic fraction was dried over Na,SO,,
filtered and concentrated to dryness to atford a pale orange oil
(0.47 g, 98%), as a mixture (ratio 1.6:1) 3-benzyloxypropyl-
2-pyridyl-carbonate and 3-benzyloxypropyl-2-oxopyridine
1-carboxylate. The mixture of isomers was not separated and
used in the next step without any further purification. MS
(ESD) m/z: 326 [M-K]*, 310 [M-Na]*, 288 [M-H]*, 186,
148; (EST7) m/z: 286, 249, 205, 155.

Step 2. Preparation of 3-benzyloxypropyl-N-[(2S,
3R)-2-methyl-4-oxo-oxetan-3-yl]|-carbamate

Under nitrogen atmosphere, to a stirred mixture of (3S,
4R)-2-methyl-4-0x0-3-oxetanylammonium  toluene-4-sul-
fonate (0.10 g, 0.36 mmol) in dry CH,Cl, (1 mL), DIPEA
(0.06 mL, 0.36 mmol) was dropwise added. Subsequently, the
crude mixture containing 3-benzyloxypropyl-2-oxopyridine
1-carboxylate (0.294 g, 1.02 mmol) in dry CH,Cl, (2 mL)
was added. The reaction mixture was stirred 15 h at rt, con-
centrated to dryness and purified by column chromatography
using a Teledyne ISCO apparatus, eluting with Cy/TBME
(from 100:0to 70:30). The crude product was further purified
by preparative HPLC-MS to afford the title compound (0.045
g, 41%) as a white solid. MS (ESI) m/z: 294 [M-H]*; (ESI)
m/z: 292 [M-H]~. "HNMR (DMSO-dy): 8 1.34 (d, ]=6.3 Hz,
3H), 1.81-1.91 (m, 2H), 3.50 (t, J=6.3 Hz, 2H), 4.04-4.16 (m,
2H),4.47 (s, 2H),4.85 (dq,J=6.2Hz, 1H), 5.42 (dd, J=6.2,9.3
Hz, 1H), 7.25-7.40 (m, SH), 8.23 (d, J=9.4 Hz, 1H).

Example 19

4-cyclohexylbutyl-N-[(2S,3R)-2-methyl-4-0x0-0X-
etan-3-yl]-carbamate

Step 1. Preparation of
4-cyclohexylbutyl-2-pyridyl-carbonate and
4-cyclohexylbutyl-2-oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of com-
mercially available 4-cyclohexylbutan-1-ol (0.8 mL, 4.6
mmol) in dry CH,Cl, (23 mL), DMAP (0.056 g, 0.46 mmol)
and di-2-pyridyl carbonate (1.29 g, 5.98 mmol) were added.
The reaction mixture was left to react at rt for 15 h, then
diluted with CH,Cl, and washed first with a saturated NH,Cl
solution (6 mL) and subsequently with a saturated NaHCOj,
solution (4x6 mL). The organic fraction was dried over
Na,SO,, filtered and concentrated to dryness to afford a pale
grey oil (1.10 g, quantitative) as a mixture (ratio 1.8:1) of
4-cyclohexylbutyl-2-pyridyl-carbonate and 4-cyclohexylbu-
tyl-2-oxopyridine 1-carboxylate. The mixture of isomers was
not separated and used in the next step without any further
purification. MS (EST) m/z: 316 [M-K]*, 300 [M-Nal*, 278
[M-H]", 140. (ESI) m/z: 276 [M-H]", 249, 205, 155.

Step 2. Preparation of 4-cyclohexylbutyl-N-[(2S,
3R)-2-methyl-4-oxo-oxetan-3-yl]|-carbamate

Under nitrogen atmosphere, to a stirred mixture of (3S,
4R)-2-methyl-4-0x0-3-oxetanylammonium  toluene-4-sul-
fonate (0.12 g, 0.44 mmol) in dry CH,Cl, (1 mL), DIPEA
(0.07 mL, 0.44 mmol) was dropwise added. Subsequently, the
crude mixture containing 4-cyclohexylbutyl-2-oxopyridine
1-carboxylate (0.36 g, 1.31 mmol) in dry CH,Cl, (2 mL) was
added. The reaction mixture was stirred 15 h at rt, concen-
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trated to dryness and purified by column chromatography
using a Teledyne ISCO apparatus, eluting with Cy/TBME
(from 100:0 to 70:30). The crude product was further purified
by preparative HPL.C-MS to afford the title compound (0.050
g, 40%) as a white solid. MS (ESI) m/z: 284 [M-H]*; (ESD)
m/z: 282 [M-H]". 'H NMR (DMSO-dy): 8 0.78-0.93 (m,
2H), 1.08-1.27 (m, 7H), 1.27-1.39 (m, 1H), 1.35 (d, J=6.4 Hz,
3H), 1.49-1.73 (m, 7H), 3.94-4.06 (m, 2H), 4.85 (dq, ]=6.4
Hz, 1H), 5.41 (dd, J=6.0, 9.4 Hz, 1H), 8.19 (d, I=9.4 Hz, 1H).

Example 20

(2,2-dimethyl-4-phenyl-butyl)-N-[ (2S,3R)-2-methyl-
4-oxo0-oxetan-3-yl]-carbamate

Step 1. Preparation of
2,2-dimethyl-4-phenyl-butanoic acid

To a stirring mixture of diisopropylamine (2.2 mlL, 15
mmol) and sodium hydride [60% in mineral oil] (0.66 g, 16.5
mmol) in dry THF (50 mL), isobutyric acid (1.4 mL, 15
mmol) was dropwise added. The mixture was refluxed for 15
min, cooled to 0° C., and 2.5M n-butyllithium (BuLi) in
hexane (5.45 mL, 14 mmol;) was added. After 20minat 0° C.,
the mixture was heated to 30-35° C. for 30 min. The solution
was then cooled to 0° C. and (2-bromoethyl)-benzene (2.8
ml, 15 mmol) was slowly added over 20 min. After ca. 1 hat
30-35° C. the reaction was quenched by adding water (40
mL), while keeping the temperature below 15° C. The aque-
ous layer was separated, and the organic layer washed with a
mixture of Et,O/H,O (1:1). The aqueous layers were com-
bined, extracted with Et,O (20 mL), acidified with 2M HCl
solution, and the product was further extracted with Et,O
(2x30 mL). The combined organic layers were washed with
brine, dried over Na,SO,, filtered and concentrated under
vacuum to afford the title compound (0.619 g, 21%) as a
colorless oil. 'H NMR (CDCl,): 8 1.31 (s, 6H), 1.86-1.95 (m,
2H), 2.59-2.68 (m, 2H), 7.17-7.33 (m, 5H).

Step 2. Preparation of
2,2-dimethyl-4-phenyl-butan-1-ol

At 0° C., under nitrogen atmosphere, to a stirring mixture
of LiAlH, (0.49 g, 12.8 mmol) in dry Et,O (25 mL), 2,2-
dimethyl-4-phenyl-butanoic acid (0.62 g, 3.22 mmol) dis-
solved in Et,O (10 mL) was added dropwise. The mixture was
left at rt for 4 h, then quenched at 0° C. by slowly adding H,O
(0.5 mL) followed by 3M KOH solution (0.5 mL) and H,O
(1.64 mL). The mixture was stirred for 1 h at 0° C., then the
crude was filtered and the organic phase dried over Na,SO,.
The organic solution was concentrated to dryness affording
the title compound (0.540 g, 94%) as pale yellow transparent
oil. '"H NMR (CDCl,): 8 0.96 (s, 6H), 1.55-1.64 (m, 2H),
2.58-2.65 (m, 2H) 3.41 (s, 2H), 7.17-7.33 (m, 5H).

Step 3. Preparation of (2,2-dimethyl-4-phenyl-bu-
tyl)-2-pyridyl carbonate and (2,2-dimethyl-4-phenyl-
butyl)-2-oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 2,2-
dimethyl-4-phenyl-butan-1-01 (0.2 g, 1.53 mmol) in dry
CH,CI, (3 mL), Et;N (0.45 mL, 3.25 mmol) and di-2-pyridyl
carbonate (0.51 g, 2.38 mmol) were added. The reaction
mixture was left at rt for 17 h, then diluted with CH,Cl, and
washed first with a saturated NH,Cl solution (3 mL) and
subsequently with a saturated NaHCO; solution (3x3 mL).
The organic fraction was dried over Na,SO,, filtered and
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concentrated to dryness to afford an orange oil (0.57 g, 88%),
as a mixture (ratio 3:1) of (2,2-dimethyl-4-phenyl-butyl)-2-
pyridil carbonate and (2,2-dimethyl-4-phenyl-butyl)-2-ox-
opyridine 1-carboxylate. The mixture of isomers was not
separated and used in the next step without any further puri-
fication. MS (ESI) m/z: 322 [M-Na]*, 278 [M-H]*, 161.

Step 4. Preparation of 2,2-dimethyl-4-phenyl-butyl-
N-[(2S,3R)-2-methyl-4-0x0-0xetan-3-yl]|-carbamate

Under nitrogen atmosphere, to a stirred mixture of (3S,
4R)-2-methyl-4-0x0-3-oxetanylammonium  toluene-4-sul-
fonate (0.120 g, 0.44 mmol) in dry CH,Cl, (1 mL), DIPEA
(0.072 mL, 0.44 mmol) was dropwise added. Subsequently,
the crude mixture containing (2,2-dimethyl-4-phenyl-butyl)-
2-oxopyridine 1-carboxylate (0.39 g, 1.32 mmol) dissolved in
dry CH,Cl, (2 mL) was added. The reaction mixture was
stirred 15 h at rt, concentrated to dryness and purified by
column chromatography using a Teledyne ISCO apparatus,
eluting with Cy/TBME (from 100:0 to 70:30) to give the title
compound (0.051 g, 37%) as colorless oil. MS (ESI) m/z: 306
[M-H]*; (ESI) m/z: 304 [M-H]~. 'H NMR (DMSO-d): &
0.95 (s, 6H), 1.35 (d, J=6.4 Hz, 3H), 1.47-1.55 (m, 2H),
2.48-2.58 (m, 2H), 3.79-3.91 (m, 2H), 4.86 (dq, J=6.3 Hz,
1H), 5.43 (dd, J=6.1, 9.3 Hz, 1H), 7.12-7.31 (m, 5H), 8.25 (d,
J=9.3 Hz, 1H).

Example 21

(1-benzyl-4-piperidyl)-N-[(2S,3R)-2-methyl-4-0x0-
oxetan-3-yl]-carbamate

Step 1. Preparation of (1-benzyl-4-piperidyl)-2-py-
ridyl carbonate and (1-benzyl-4-piperidyl)-2-oxopy-
ridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 1-ben-
zylpiperidin-4-ol (0.3 g, 1.57 mmol) in dry CH,Cl, (3 mL),
Et;N (033 mlL, 2.35 mmol) and di-2-pyridyl carbonate
(0.508 g, 2.35 mmol) were added. The reaction mixture was
left at rt for 17 h, then diluted with CH,Cl, and washed first
with a saturated NH,CI solution (3 mL) and subsequently
with a saturated NaHCO; solution (3x3 mL). The organic
fraction was dried over Na,SO,, filtered and concentrated to
dryness to afford a yellow oil (0.505 g, 99%), as a mixture
(ratio 1:3) of (1-benzyl-4-piperidyl)-2-pyridyl carbonate and
(1-benzyl-4-piperidyl)-2-oxopyridine 1-carboxylate. The
mixture of isomers was not separated and used in the next step
without any further purification. MS (ESI) m/z: 313 [M-H]*,
218, 174.

Step 2. Preparation of (1-benzyl-4-piperidyl)-N-[(2S,
3R)-2-methyl-4-ox0-oxetan-3-yl|carbamate

Under nitrogen atmosphere, to a stirred mixture of (3S,
4R)-2-methyl-4-0x0-3-oxetanylammonium  toluene-4-sul-
fonate (0.120 g, 0.44 mmol) in dry CH,Cl, (1 mL), DIPEA
(0.072 mL, 0.44 mmol) was dropwise added. Subsequently,
the crude mixture containing (1-benzyl-4-piperidyl)-2-ox-
opyridine 1-carboxylate (0.34 g, 1.09 mmol) dissolved in dry
CH,Cl, (2 mL) was added. The reaction mixture was stirred
15 h at rt, concentrated to dryness and purified by column
chromatography using a Teledyne ISCO apparatus, eluting
with Cy/TBME (from 100:0 to 70:30). The crude product was
further purified by preparative HPLC to afford the title com-
pound (0.050 g, 21%) as white solid. MS (ESI) m/z: 319
[M-H]*; (ESI) m/z: 317 [M-H]|". 'H NMR (DMSO-d,): 8
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1.34(d, J=6.4 Hz, 3H), 1.49-1.64 (m, 2H), 1.77-1.91 (m, 2H),
2.11-2.26 (m, 2H), 2.58-2.71 (m, 2H), 3.46 (s, 2H), 4.47-4.66
(m, 1H),4.84 (dq, J=6.3 Hz, 1H), 5.40 (dd, J=6.1,9.4 Hz, 1H),
7.19-7.38 (m, 5H), 8.21 (d, J=9.4 Hz, 1H).

Example 22

[(1R) and (1S)-1-methyl-5-phenyl-pentyl]-N-[(2S,
3R)-2-methyl-4-0x0-oxetan-3-yl|-carbamate

Step 1. Preparation of 5-phenylpentan-1-ol

Under nitrogen atmosphere, at 0° C., to a stirring mixture
of LiAlH, (0.84 g, 22.44 mmol) in dry Et,O (55 mL), 5-phe-
nylpentanoic acid (1.00 g, 5.61 mmol) in dry Et,O (10 mL)
was added dropwise. The mixture was left to react at rt for 4
h, then at 0° C. H,O (0.85 mL), 3M KOH solution (0.85 mL)
and H,O (2.85 mL) were very slowly added. The mixture was
stirred for 1 h at 0° C., filtered to remove the solid residue, and
the organic phase dried over Na,SO,. The organic solution
was again filtered and concentrated to dryness affording the
title compound (0.881 g, 95%) as a colorless oil. 'H NMR
(CDCl,): 8 1.36-1.46 (m, 2H), 1.54-1.72 (m, 5H), 2.58-2.71
(m, 2H), 3.59-3.71 (m, 2H), 7.14-7.33 (m, 5H).

Step 2. Preparation of 5-phenylpentanal

Under nitrogen atmosphere, at -78° C., to a stirred solution
of oxalyl chloride (0.53 mL, 6.17 mmol) in dry CH,Cl, (12
mL), DMSO (0.40mlL., 5.7 mmol) was added in a fast manner.
After 15 min, a solution of 5-phenylpentan-1-o01 (0.78 g, 4.75
mmol) in dry CH,Cl, (6 mL.) was added. The reaction mixture
was stirred for 2 h at —78° C. before addition of Et;N (1.98
ml, 14.24 mmol). The solution was allowed to warm at rt, and
after evaporation of CH,Cl, the residue was taken up in Et,O
and a saturated NH,Cl solution. After separation of phases the
organic fraction was dried over Na,SO,, filtered and concen-
trated to dryness affording the title compound (0.75 g, 97%)
as a pure product. 'H NMR (CDClL,): 8 1.67-1.73 (m, 4H),
2.44-2.52 (m, 2H), 2.60-2.71 (m, 2H), 7.16-7.35 (m, 5H),
9.78 (t,J=1.8 Hz, 1H).

Step 3. Preparation of 6-phenyl-hexan-2-o0l

Under nitrogen atmosphere, at -78° C., to a stirred solution
of' 5-phenylpentanal (0.8 g, 4.93 mmol) in dry THF (20 mL),
1.6M methyllithium (MeL1) solution in Et,O (3.39 mL, 5.42
mmol) was added dropwise. The reaction was left to stir for 2
h at -78° C. and then 1 h at rt. The reaction was then cooled
at0° C. and quenched with water. THF was rotary evaporated
and the crude mixture dissolved in CH,Cl,, dried over
Na,SO,, filtered and concentrated to dryness. The crude mix-
ture was purified over silica using a Teledyne ISCO appara-
tus, eluting with Cy/TBME (from 100:0 to 50:50) to afford
pure alcohol (0.2 g, 23%). "H NMR (CDCl,): § 1.21 (d, J=6.2
Hz, 3H), 1.25-1.75 (m, 7H), 2.60-2.71 (m, 2H), 3.76-3.87 (m,
1H), 7.16-7.35 (m, 5H).

Step 4. Preparation of (1-methyl-5-phenyl-pentyl)-2-
pyridyl-carbonate and (1-methyl-5-phenyl-pentyl)-2-
oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 6-phe-
nyl-hexan-2-0l (0.2 g, 1.12 mmol) in dry CH,Cl, (2 mL),
Et;N (0.23 ml, 1.68 mmol) and di-2-pyridyl carbonate
(0.508 g, 2.35 mmol) were added. The reaction mixture was
left to react at rt for 3 h, then diluted with CH,Cl, and washed
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first with a saturated NH,Cl solution (3 mL.) and subsequently
with a saturated NaHCO, solution (3x3 mL). The organic
fraction was dried over Na,SO,, filtered and concentrated to
dryness to afford a yellow oil (0.3 g, 91%), as a mixture (ratio
1:3) of (1-methyl-5-phenyl-pentyl)-2-pyridyl-carbonate and
(1-methyl-5-phenyl-pentyl)-2-oxopyridine  1-carboxylate.
The mixture of isomers was not separated and used in the next
step without any further purification. MS (ESI) m/z: 322
[M-Na]*, 300 [M-H]".

Step 5. Preparation of [(1R) and (1S)-1-methyl-5-
phenyl-pentyl]-N-[(2S,3R)-2-methyl-4-0x0-oxetan-
3-yl]-carbamate

Under nitrogen atmosphere, to a stirred mixture of (3S,
4R)-2-methyl-4-0x0-3-oxetanylammonium  toluene-4-sul-
fonate (0.100 g, 0.36 mmol) in dry CH,Cl, (1 mL), DIPEA
(0.060 mL, 0.36 mmol) was added dropwise. Subsequently,
the crude mixture containing (1-methyl-5-phenyl-pentyl)-2-
oxopyridine 1-carboxylate (0.31 g, 1.02 mmol) dissolved in
dry CH,Cl, (2 mL) was added. The reaction mixture was
stirred 15 h at rt, concentrated to dryness and purified by
column chromatography using a Teledyne ISCO apparatus,
eluting with Cy/TBME (from 100:0 to 70:30). The crude
product was further purified by preparative HPLC-MS to
afford the title compound (0.035 g, 32%), as a pure mixture
(ratio=1:1) of two diastereoisomers. MS (ESI) m/z: 306
[M-H]*; (ESI) m/z: 304 [M-H]". 'H NMR (DMSO-d,): 8
1.12-1.21 (m, 6H), 1.26-1.38 (m, 10H), 1.46-1.64 (m, 8H),
2.52-2.61 (m, 4H), 4.64-4.75 (m, 2H), 4.84 (dq, J=6.2 Hz,
2H), 5.39 (dd, I=6.2, 9.3 Hz, 2H), 7.12-7.31 (m, 10H), 8.12
(d, J=9.3 Hz, 2H).

Example 23

(1-Methylcyclopentyl) N-[(2S,3R)-2-methyl-4-oxo0-
oxetan-3-yl]-carbamate

Step 1. Preparation of (1-methylcyclopentyl)-2-py-
ridyl-carbonate and (1-methylcyclopentyl)-2-oxopy-
ridine 1-carboxylate

To a stirred mixture of 1-methylcyclopentyl alcohol (0.3 g,
2.99 mmol) in dry CH,Cl, (3 mL) and under nitrogen atmo-
sphere, 4-dimethylaminopyridine (0.036 g, 0.29 mmol) and
di-2-pyridyl carbonate (0.681 g, 3.14 mmol) were added. The
reaction mixture was left at rt for 15 h, then diluted with
CH,Cl, and washed first with a saturated NH,Cl solution and
subsequently with a saturated NaHCO, solution. The organic
fraction was dried over Na,SO,, filtered and concentrated to
dryness to afford a yellow transparent oil (0.378 g, 57%), as a
mixture (ratio 4:6) of (1-methylcyclopentyl)-2-pyridyl-car-
bonate and (1-methylcyclopentyl)-2-oxopyridine 1-carboxy-
late. The mixture of isomers was not separated and used in the
next step without any further purification. MS (ESI) m/z: 260
[M-K]*, 244 [M-Na]".

Step 2. Preparation of (1-methylcyclopentyl)-N-[(2S,
3R)-2-methyl-4-ox0-oxetan-3-yl|carbamate

To a stirred mixture of (3S,4R)-2-methyl-4-0x0-3-oxeta-
nylammonium toluene-4-sulfonate (0.07 g, 0.25 mmol) indry
CH,Cl, (1 mL) under nitrogen atmosphere, DIPEA (0.044
ml, 0.25 mmol) was dropwise added. Subsequently, the
crude mixture containing (1-methylcyclopentyl)-2-oxopyri-
dine 1-carboxylate (0.23 g, 1.02 mmol) in dry CH,Cl, (2 mL)
was added. The reaction mixture was left under stirring 15 h
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at rt. The crude mixture was concentrated to dryness and
purified with column chromatography using a Teledyne
ISCO apparatus, eluting with Cy/TBME (from 100:0 to
60:40) to afford the title compound (0.031 g, 55%) as a white
solid. MS (ESD) m/z: 250 [M-Na]*; (ES) m/z: 226 [M-H]".
'"H-NMR (DMSO): 8 1.34 (d, ]=6.3 Hz, 3H), 1.51 (s, 3H),
1.55-175 (m, 6H), 1.95-2.10 (m, 2H), 4.83 (dq, J,=J,=6.3 Hz,
1H), 5.36 (dd, J=9.2, 6.2 Hz, 1H), 7.99 (d, J=9.2 Hz, 1H).

Example 24

(3-butyloxetan-3-y1)-N-[(2S,3R)-2-methyl-4-oxo-
oxetan-3-yl]-carbamate

Step 1. Preparation of 3-butyloxetan-3-o0l

To a stirred solution of 3-oxetanone (0.5 g, 6.93 mmol) in
dry THF (6 mL), at -78° C., under argon atmosphere, 2.5M
solution of butyl lithium (BuLi) in hexane (3.05 mL, 7.62
mmol) was added dropwise over 10 min. The reaction was left
to react 3 h at -78° C., then quenched with water and con-
centrated to dryness. The crude mixture was dissolved in
CH,Cl, and dried over Na,SO,. The organic solution was
filtered and concentrated to dryness to atford a pale yellow oil
(0.505 g). The crude product was purified by column chro-
matography using a Teledyne ISCO apparatus, eluting with
Cy/TBME (from 100:0 to 70:30) affording the title com-
pound (0.45 g, 50%) as transparent oil. '"H NMR (CDCl,): &
0.90-1.04 (m, 3H), 1.36-1.47 (m, 4H), 1.79-1.93 (m, 2H),
4.53 (d, J=7.1, 2H), 4.59 (d, J=6.9, 2H).

Step 2. Preparation of (3-butyloxetan-3-yl) 2-pyridyl
carbonate and (3-butyloxetan-3-yl) 2-oxopyridine
1-carboxylate

To a stirred mixture of 3-butyloxetan-3-0l (0.2 g, 1.53
mmol) in dry CH,Cl, (3 mL) and under nitrogen atmosphere,
4-dimethylaminopyridine (0.019 g, 0.15 mmol) and di-2-
pyridyl carbonate (0.365 g, 1.68 mmol) were added. The
reaction mixture was left at rt for 15 h, then diluted with
CH,Cl,, washed first with a saturated NH,Cl solution (3 m[.)
and subsequently with a saturated NaHCO; solution (3x3
mL). The organic fraction was dried over Na,SO,, filtered
and concentrated to dryness to afford a pale brown solid
(0.329 g, 86%). as a mixture (ratio 1:3) of (3-butyloxetan-3-
y1) 2-pyridyl carbonate and (3-butyloxetan-3-yl) 2-oxopyri-
dine 1-carboxylate. The mixture of isomers was not separated
and used in the next step without any further purification. MS
(ESD) m/z: 252 [M-H]J*, 208, 190, 178; (ESI) m/z: 250
[M-H]", 141.

Step 3. Preparation of (3-butyloxetan-3-y1)-N-[(2S,
3R)-2-methyl-4-0x0-oxetan-3-yl|-carbamate

Under nitrogen atmosphere, to a stirred mixture of (3S,
4R)-2-methyl-4-0x0-3-oxetanylammonium  toluene-4-sul-
fonate (0.120 g, 0.44 mmol) in dry CH,Cl, (1 mL), DIPEA
(0.072 mL, 0.44 mmol) was dropwise added. Subsequently,
the crude mixture containing (3-butyloxetan-3-yl)-2-oxopy-
ridine 1-carboxylate (0.33 g, 1.31 mmol) dissolved in dry
CH,Cl, (2 mL) and was added. The reaction mixture was
stirred 15 h at rt, then concentrated to dryness and purified by
column chromatography using a Teledyne ISCO apparatus,
eluting with Cy/TBME (from 100:0 to 70:30). The crude
product was further purified by preparative HPLC to afford
title compound (0.025 g, 22%) as white solid. MS (ESI) m/z:
258 [M-H]*; (ESI) m/z: 256 [M-H]~. "H NMR (DMSO-d,):



US 9,353,075 B2

101
8 0.84-0.96 (m, 3H), 1.21-0.140 (m, 4H), 1.36 (d, ]=6.3, 3H),
1.98-2.11 (m, 2H), 4.45 (d, J=7.4, 2H), 4.59 (t, J=6.6, 2H),
4.86(dq, J,=1,=6.2 Hz, 1H), 5.39 (dd, J,=9.3 1,=6.1 Hz, 1H),
8.43 (d, 1=9.2 Hz, 1H).

Example 25

(1,1-Dimethyl-5-phenyl-pentyl)-N-[(2S,3R)-2-me-
thyl-4-oxo0-oxetan-3-yl]-carbamate

Step 1. Preparation of (1,1-dimethyl-5-phenyl-pen-
tyl)-2-pyridyl carbonate and (1,1-dimethyl-5-phenyl-
pentyl)-2-oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 2-me-
thyl-6-phenyl-hexan-2-o0l (0.5 g, 2.66 mmol), prepared as
described in Khalaf et al. Journal Organic Chemistry 1972,
37,4227-4235 (compound 9), in dry CH,Cl, (3 mL), 4-dim-
ethylaminopyridine (0.036 g, 0.29 mmol) and di-2-pyridyl
carbonate (0.618 g, 2.86 mmol) were added. The reaction
mixture was left at rt for 24 h, diluted with CH,Cl, and
washed first with a saturated NH,Cl solution (3 mL) and
subsequently with a saturated NaHCO, solution (3x3 mL).
The organic fraction was dried over Na,SO,, filtered and
concentrated to dryness to afford a yellow transparent oil
(0.507 g, 62%), as a mixture (ratio 7:3) of (1,1-dimethyl-5-
phenyl-pentyl)-2-pyridyl carbonate and (1,1-dimethyl-5-
phenyl-pentyl)-2-oxopyridine 1-carboxylate. The mixture of
isomers was not separated and used in the next step without
any further purification. MS (ESI) m/z: 352 [M-K]*, 336
[M-Na]*.

Step 2. Preparation of (1,1-dimethyl-5-phenyl-pen-
ty])-N-[(28,3R)-2-methyl-4-ox0-oxetan-3-yl]-car-
bamate

Under nitrogen atmosphere, to a stirred mixture of (3S,
4R)-2-methyl-4-0x0-3-oxetanylammonium  toluene-4-sul-
fonate (0.07 g, 0.25 mmol) in dry CH,Cl, (1 mL), DIPEA
(0.044 mL, 0.25 mmol) was dropwise added. Subsequently,
the crude mixture containing (1,1-dimethyl-5-phenyl-pen-
tyl)-2-oxopyridine 1-carboxylate (0.321 g, 1.02 mmol) dis-
solved in dry CH,Cl, (2mL) was added. The reaction mixture
was stirred 15 h at rt, concentrated to dryness and purified
with column chromatography using a Teledyne ISCO appa-
ratus, eluting with Cy/TBME (from 100:0 to 70:30). The
crude product was further purified by preparative HPLC to
afford the title compound (0.025 g, 31%) as a white solid. MS
(ESI) m/z: 342 [M-Na]*; (ESI) m/z: 318 [M-H]~. "H NMR
(DMSO-dy): 8 1.32 (d, I=6.4 Hz, 3H), 1.30-1.39 (m, 2H),
1.36 (s, 3H), 1.37 (s, 3H), 1.62-1.50 (m, 2H), 1.83-1.69 (m,
2H), 2.62-2.54 (m, 2H), 4.82 (dq, J,=J,=6.2 Hz, 1H), 5.34
(dd, J=9.3,6.1 Hz, 1H), 7.94 (d, J=9.3 Hz, 1H), 7.10-7.30 (m,
SH).

Example 26

(4-benzyloxyphenyl)-N-[(2S,3R)-2-methyl-4-oxo0-
oxetan-3-yl]-carbamate

Step 1. Preparation of (4-benzyloxyphenyl)-2-py-
ridyl carbonate and (4-benzyloxyphenyl)-2-oxopyri-
dine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 4-ben-
zyloxyphenol (0.3 g, 1.5 mmol) in dry CH,Cl, (3 mL), Et;N
(0.31 mL, 2.25 mmol) and di-2-pyridyl carbonate (0.356 g,
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1.64 mmol) were added. The reaction mixture was left at rt for
24 h, then diluted with CH,Cl, and washed first with a satu-
rated NH,Cl1 solution (3 mL) and subsequently with a satu-
rated NaHCO; solution (3x3 mL). The organic fraction was
dried over Na,SO,, filtered and concentrated to dryness to
afford a pale brown solid (0.42 g, 87%), as a mixture (ratio
1:3) of (4-benzyloxyphenyl)-2-pyridyl carbonate and (4-ben-
zyloxyphenyl)-2-oxopyridine 1-carboxylate. The mixture of

isomers was not separated and used in the next step without
any further purification. MS (ESI) m/z: 322 [M-H]*, 178.

Step 2. Preparation of (4-benzyloxyphenyl)-N-[(2S,
3R)-2-methyl-4-0x0-oxetan-3-yl|-carbamate

Under nitrogen atmosphere, to a stirred mixture of (3S,
4R)-2-methyl-4-0x0-3-oxetanylammonium  toluene-4-sul-
fonate (0.120 g, 0.44 mmol) in dry CH,Cl, (1 mL), DIPEA
(0.072 mL, 0.44 mmol) was dropwise added. Subsequently,
the crude mixture containing (4-benzyloxyphenyl)-2-oxopy-
ridine 1-carboxylate (0.423 g, 1.31 mmol) dissolved in dry
CH,CI, (2 mL) was added. The reaction mixture was stirred
15 h at rt, concentrated to dryness and purified by column
chromatography using a Teledyne ISCO apparatus, eluting
with Cy/TBME (from 100:0 to 70:30). The crude product was
further purified by preparative HPLC to aftord the title com-
pound (0.025 g, 17%) as white solid. MS (ESI) m/z: 328
[M-H]*; (ESI) m/z: 326 [M-H]|". '"H NMR (DMSO-d,): 8
1.43 (d, J=6.4 Hz, 3H) 4.92 (dq, J,=J,=6.2 Hz, 1H), 5.10 (s,
2H), 5.51 (dd, J=9.4, 6.1 Hz, 1H), 6.94-7.53 (m, 9H), 8.78 (d,
J=9.4 Hz, 1H).

Example 27

[3-(4-phenylbutypoxetan-3-y1]-N-[(2S,3R)-2-me-
thyl-4-oxo-oxetan-3-yl]-carbamate

Step 1. Preparation of 3-(4-phenylbutyl)-oxetan-3-ol

Under argon atmosphere at —45° C., to a stirred mixture of
Lithium in pellets (0.129 g, 18.7 mmol) suspended in dry
Et,O (15 mL), 4-bromo-butylbenzene (1.5 g, 7.03 mmol) in
dry Et,0 (10 mL), was added dropwise. The reaction was left
to stir at 0° C. for 3 h, then the mixture was transferred via a
cannula to a solution of 3-oxetanone (0.4 g, 5.55 mmol) in dry
THF (10 mL), previously cooled to -78° C. After 3 h at -78°
C., the reaction mixture was quenched with a saturated
NH,Cl solution, the organic solvents removed under reduced
pressure. The crude mixture was then dissolved in CH,Cl,,
dried over Na,SO,, concentrated to dryness and subjected to
column chromatography using a Teledyne ISCO apparatus,
eluting with Cy/TBME (from 100:0 to 70:30) to afford a pure
compound (0.4 g, 35%) as colorless oil. 'H NMR (CDCl,): §
1.41-1.55 (m, 2H), 1.65-1.78 (m, 2H), 1.84-1.94 (m, 2H),
2.62-2.73 (m, 2H), 4.52 (d, J=7.2 Hz, 2H), 4.58 (d, J=7.0 Hz,
2H), 7.21 (dd, J=5.4, 7.2 Hz, 3H), 7.27-7.34 (m, 2H).

Step 2. Preparation of [3-(4-phenylbutyl)-oxetan-3-
yl]-2-pyridyl-carbonate and [3-(4-phenylbutyl)-ox-
etan-3-yl]-2-oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 3-(4-
phenylbutyl)-oxetan-3-01 (0.390 g, 1.89 mmol) in dry
CH,C1, (4 mL), DMAP (0.023 g, 0.19 mmol) and di-2-py-
ridyl carbonate (0.531 g, 2.46 mmol) were added. The reac-
tion mixture was left to react at rt for 17 h, then diluted with
CH,Cl, and washed first with a saturated NH,Cl solution (3
ml) and subsequently with a saturated NaHCO; solution
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(4x3 mL). The organic fraction was dried over Na,SO,, fil-
tered and concentrated to dryness to afford a dark 0il (0.61 g,
98%) as a mixture (ratio 1:3) of [3-(4-phenylbutyl)-oxetan-
3-yl]-2-pyridyl-carbonate and [3-(4-phenylbutyl)-oxetan-3-
yl]-2-oxopyridine 1-carboxylate. The mixture of isomers was
not separated and used in the next step without any further
purification. MS (ESIT) m/z: 350 [M-Na]*, 328 [M-H]*, 284,
171, 129.

Step 3. Preparation of [3-(4-phenylbutyl)-oxetan-3-
y1]-N-[(28,3R)-2-methyl-4-0x0-oxetan-3-yl]-car-
bamate

Under nitrogen atmosphere, to a stirred mixture of (3S,
4R)-2-methyl-4-0x0-3-oxetanylammonium  toluene-4-sul-
fonate (0.12 g, 0.44 mmol) in dry CH,Cl, (1 mL), DIPEA
(0.072 mL, 0.44 mmol) was added dropwise. Subsequently,
the crude mixture containing [3-(4-phenylbutyl)-oxetan-3-
yl]-2-oxopyridine 1-carboxylate (0.40 g, 1.31 mmol) in dry
CH,Cl, (2 mL) was added. The reaction mixture was stirred
15 h at rt, concentrated to dryness and purified by column
chromatography using a Teledyne ISCO apparatus, eluting
with Cy/TBME from (100:0 to 70:30). The crude product was
further purified by preparative HPLC-MS to afford the title
compound (0.008 g, 6%) as a white solid. MS (ESI) m/z: 334
[M-H]*; (EST) m/z: 332 [M-H]~. "H NMR (CDCl,): § 1.35-
1.48 (m, 2H), 1.44 (d, 3H), 1.64-1.74 (m, 2H), 2.14-2.22 (m,
2H), 2.62-2.71 (m, 2H), 4.54 (d, J=7.5 Hz, 2H), 4.75 (t, 1=6.9
Hz, 2H), 4.84-4.92 (m, 1H), 5.36-5.46 (m, 2H), 7.17-7.34 (m,
SH).

Example 28

[(1R) and (1S)-1-Isopropyl-5-phenyl-pentyl]-N-[(2S,
3R)-2-methyl-4-oxo-oxetan-3-yl]|-carbamate

Step 1. Preparation of
2-methyl-7-phenyl-heptan-3-ol

Under nitrogen atmosphere, at —=78° C., to a stirred solution
of' S-phenylpentanal [for the preparation see example 22] (0.4
g, 2.46 mmol) in dry Et,O (40 mL), 2M isopropylmagne-
siumchloride (3.2 mL, 6.4 mmol) solution in THF was added
dropwise. The reaction was left to stir for 30 min at -78° C.
and then 2 h at 0° C. After quenching the reaction with water,
the organic solvent was rotary evaporated and the crude mix-
ture dissolved in CH,Cl,, dried over Na,SO,, filtered and
concentrated to dryness to afford pure alcohol (0.43 g, 84%)
which was used in the next step without further purification.
'H NMR (CDCl,): 8 0.90 (d, J=4.0 Hz, 3H), 0.91 (d, I=4.0
Hz,3H), 1.32-1.75 (m, 8H), 2.60-2.67 (m, 2H), 3.33-3.39 (m,
1H), 7.15-7.31 (m, 5H).

Step 2. Preparation of (1-isopropyl-5-phenyl-pentyl)-
2-pyridyl-carbonate and (1-isopropyl-5-phenyl-pen-
tyl)-2-oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 2-me-
thyl-7-phenyl-heptan-3-01(0.43 g, 2.08 mmol) in dry CH,Cl,
(2mL), DMAP (0.025 g, 0.2 mmol) and di-2-pyridyl-carbon-
ate (0.540 g, 2.50 mmol) were added. The reaction mixture
was left to react at rt for 15 h, then diluted with CH,Cl, and
washed first with a saturated NH,Cl solution (3 mL) and
subsequently with a saturated NaHCO, solution (3x3 mL).
The organic fraction was dried over Na,SO,, filtered and
concentrated to dryness to afford a yellow oil (0.618 g, 90%),
as a mixture (ratio 1:8) of (1-isopropyl-5-phenyl-pentyl)-2-
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pyridyl-carbonate and (1-isopropyl-5-phenyl-pentyl)-2-ox-
opyridine 1-carboxylate. The mixture of isomers was not
separated and used in the next step without any further puri-
fication. MS (ESI) m/z: 328 [M-H]*, 350 [M-Na]™.

Step 3. Preparation of (2R,3S)-3-hydroxy-2-[(1S)-
isopropyl-5-phenyl-pentoxy)-carbonylamino]-bu-
tanoic acid and (2R,38)-3-hydroxy-2-[(1R)-isopro-
pyl-5-phenyl-pentoxy)-carbonylamino]-butanoic
acid

To a stirred mixture of D-threonine (0.150 g, 1.25 mmol)
and NaHCO; (0.158 g, 1.89 mmol) in H,O (3.5 mL), the
crude mixture containing (1-isopropyl-5-phenyl-pentyl)-2
and (l-isopropyl-5-phenyl-pentyl)-2-oxopyridine  1-car-
boxylate (0.62 g, 1.88 mmol) in THF (3.5 mL) was added.
After 15 h at rt, the crude mixture was rotary evaporated to
remove the organics and subsequently extracted with Et,O
(3x5 mL). The aqueous phase was acidified with 2M HCl
solution to pH 2-3 and subsequently extracted with AcOEt
(3x10 mL). The organic fraction was dried over Na,SO,,
filtered and concentrated to dryness to afford the title com-
pound (0.160 g, 36%) as a mixture (ratio 1:1) of two diaste-
reoisomers, as transparent oil, which was used in the next
step. MS (ESI)m/z: 352 [M-H[*; (ES) m/z: 350 [M-H]~.'H
NMR (DMSO-dy) (as a 1:1 mixture of diastereoisomers): 0
0.85(d,J=6.7Hz, 12H), 1.09 (d, J=6.2 Hz, 6H), 1.21-1.65 (m,
12H), 1.67-1.79 (m, 2H), 2.55 (t, J=7.7 Hz, 4H), 3.89-3.99
(m, 2H), 4.01-4.13 (m, 2H), 4.43-4.53 (m, 2H), 6.49 (d, J=8.9
Hz, 1H), 6.52 (d,J=8.9 Hz, 1H),7.11-7.31 (m, 10H), 12.49 (s,
2H).

Step 4. Preparation of (1R)- and (1S)-(1-isopropyl-5-
phenyl-pentyl)-N-[(2S,3R)-2-methyl-4-0x0-oxetan-
3-yl]-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(2R,38)-3-hydroxy-2-[(1-isopropyl-5-phenyl-pentoxy)-car-
bonylamino]-butanoic acid (0.16 g, 0.45 mmol) in dry
CH,C1, (16 mL), Et;N (0.19 mL, 1.36 mmol) and subse-
quently TBTU (0.17 g, 0.55 mmol) were added. The mixture
was left stirring 1 h at 0° C. and 15 h at rt. Upon full conver-
sion of the starting material, the organics were removed under
reduced pressure, and the resulting crude product absorbed
over silica gel and purified by typical column chromatogra-
phy, eluting with Cy/AcOEt (from 100:0 to 0:100) to afford
the title compound (0.055 g, 37%) as a mixture (ratio 1:1) of
two diastereoisomers, as white solid. MS (ESI) m/z: 334
[M-H]*; (ESD) m/z: 332 [M-H]~. "H NMR (DMSO-dy) (as a
1:1 mixture of diastereoisomers): o 0.84 (d, J=6.7 Hz, 6H,),
0.86 (d, J=6.7 Hz, 6H), 1.22-1.35 (m, 4H), 1.30 (d, J=6.2 Hz,
3H), 1.32 (d, J=6.2 Hz, 3H), 1.42-1.66 (m, 8H), 1.69-1.80 (m,
2H), 2.52-2.61 (m, 4H), 4.46-4.56 (m, 2H), 4.84 (dq, J=6.2
Hz, 2H), 5.33-5.43 (m, 2H), 7.13-7.21 (m, 6H), 7.23-7.30 (m,
4H), 8.13 (d, J=7.0 Hz, 1H), 8.15 (d, J=7.0 Hz, 1H).

Example 29

Cyclohexyl-N-[(28,3R)-2-methyl-4-oxooxetan-3-yl]-
carbamate

Step 1. Preparation of
cyclohexyl-2-pyridyl-carbonate and
cyclohexyl-2-oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of cyclo-
hexanol (0.3 g, 2.99 mmol) in dry CH,Cl, (2 mL), DMAP
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(0.036 g, 0.3 mmol) and di-2-pyridyl-carbonate (0.777 g,
3.59 mmol) were added. The reaction mixture was left to react
at rt for 15 h, then diluted with CH,Cl, and washed first with
a saturated NH,Cl solution (3 mL) and subsequently with a
saturated NaHCO, solution (3x3 mL). The organic fraction
was dried over Na,SO,, filtered and concentrated to dryness
to afford a yellow 0il (0.606 g, 91%), as a mixture (ratio 1.8:1)
of cyclohexyl-2-pyridyl-carbonate and cyclohexyl-2-oxopy-
ridine 1-carboxylate. The mixture of isomers was not sepa-
rated and used in the next step without any further purifica-
tion. MS (ESD) m/z: 222 [M-H]", 244 [M-Na]*.

Step 2. Preparation of (2R,3S)-2-(cyclohexoxycarbo-
nylamino)-3-hydroxy-butanoic acid

To a stirred mixture of D-threonine (0.150 g, 1.25 mmol)
and NaHCO; (0.158 g, 1.89 mmol) in H,O (3.5 mL), the
crude mixture containing cyclohexyl-2-pyridyl-carbonate
and cyclohexyl-2-oxopyridine 1-carboxylate (0.418 g, 1.89
mmol) in THF (3.5 mL) was added. After 15 h at rt the crude
mixture was rotary evaporated to remove the organics and
subsequently extracted with Et,O (3x5 mL). The aqueous
phase was acidified with 2M HCI solution to pH 2-3 and
subsequently extracted with AcOEt (3x10 mL). The organic
fraction was dried over Na,SO,, filtered and concentrated to
dryness to afford the title compound (0.3 g, 97%) as trans-
parent oil, which was used in the next step without further
purification. MS (ESI) m/z: 246 [M-H]J*; (ES]) m/z: 244
[M-H]~. 'H NMR (DMSO-d,): § 1.09 (d, J=6.2 Hz, 3H),
1.16-1.43 (m, 5H), 1.49 (s, 1H), 1.69 (s, 2H), 1.80 (s, 2H),
3.93(dd,J=2.9,8.8 Hz, 1H),3.99-4.12 (m, 1H), 4.44-4.61 (m,
1H), 6.59 (d, J=8.9 Hz, 1H), 12.32 (br s, 1H).

Step 3. Preparation of Cyclohexyl-N-[(2S,3R)-2-
methyl-4-oxooxetan-3-yl]-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(2R,38)-2-(cyclohexoxycarbonylamino)-3-hydroxy-bu-
tanoic acid (0.3 g, 1.22 mmol) in dry CH,Cl, (16 mL), Et;N
(0.51 mL, 3.66 mmol) and subsequently TBTU (0.47 g, 1.46
mmol) were added. The mixture was left stirring 1 h at 0° C.
and 15 h at rt. Upon full conversion of the starting material,
the organics were removed under reduced pressure, and the
resulting crude product absorbed over silica gel and purified
by typical column chromatography, eluting with Cy/AcOEt
(from 100:0 to 0:100) to afford the title compound (0.098 g,
36%) as white solid. MS (ESI) m/z: 228 [M-H]*; (ES]) m/z:
226 [M-H]". '"H NMR (DMSO-dy): 8 1.14-1.42 (m, 5H),
1.34(d, J=6.3 Hz, 3H), 1.44-1.55 (m, 1H), 1.61-1.72 (m, 2H),
1.76-1.89 (m, 2H), 4.47-4.59 (m, 1H), 4.84 (dq, J=6.3 Hz,
1H), 5.40 (dd, J=6.2, 9.3 Hz, 1H), 8.15 (d, J=9.4 Hz, 1H).

Example 30

(1s,4S) and (1r, 4R)-(4-Benzylcyclohexyl)-N-[(2S,
3R)-2-methyl-4-oxooxetan-3-yl]-carbamate

Step 1. Preparation of
8-benzylidene-1,4-dioxaspiro-[4.5]-decane

To asuspension of NaH (0.306 g, 12.8 mmol) in DMSO (10
ml), a solution of benzyl-triphenylphosphonium bromide
(5.44 g, 12.8 mmol) in DMSO (30 mL.) was slowly added at
rt. The solution was stirred 30 min at rt and then further 30 min
at 50° C. Upon the crude mixture turning into dark red color,
a solution of 1,4-dioxaspiro[4.5]decan-8-one (2.0 g, 12.8
mmol) in DMSO (14 mL) was added. The solution was stirred
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at 50° C. for 16 h. The reaction mixture was quenched with
water and the aqueous layer extracted with AcOEt (3x20 mL).
The combined organic layers were washed with brine, dried
over Na,SO,, filtered and concentrated to dryness to give a
crude product, which was purified by column chromatogra-
phy using a Teledyne ISCO apparatus, eluting with
Cy/AcOEt (from 100:0 to 40:60) to afford the title compound
(1.8 g, 61%) as a white solid. "H NMR (CDCL,): § 1.66-1.73
(m, 2H), 1.77-1.84 (m, 2H), 2.40-2.47 (m, 2H), 2.49-2.57 (m,
2H), 3.99 (s, 4H), 6.31 (s, 1H), 7.17-7.23 (m, 3H), 7.28-7.35
(m, 2H).

Step 2. Preparation of 4-benzylidenecyclohexanone

Under vigorous stirring, at rt, 8-benzylidene-1,4-dioxas-
piro-[4.5]-decane (1.8 g, 7.81 mmol) was dissolved in a
acetone/HC1 (10% v/v) mixture (70 mL:35 mL) and left to stir
4. The crude mixture was diluted in water and extracted with
AcOFEt (3x40 mL). The combined organic fractions were
washed with brine, dried over Na,SO,, filtered and concen-
trated to dryness to afford pure title compound (1.4 g, 96%) as
colorless oil. "THNMR (CDCl,): §2.44 (t,J=7.0 Hz, 2H), 2.53
(t, J=6.8 Hz, 2H), 2.65-2.72 (m, 2H), 2.74-2.80 (m, 2H), 6.49
(s, 1H), 7.21-7.27 (m, 3H), 7.32-7.39 (m, 2H).

Step 3. Preparation of (S,E)- and
(R,Z)-4-benzylidenecyclohexanol

To a stirred mixture of NaBH,, in dry MeOH (10 mL), at 0°
C., under nitrogen atmosphere, 4-benzylidenecyclohexanone
dissolved in dry MeOH (30 mL) was added. The crude mix-
ture was left to stir at 0° C. for 1 h and subsequently quenched
with water (5 mL). Methanol was rotary evaporated and the
crude mixture was dissolved in AcOEt (20 mL). The organic
solution was extracted with brine, dried over Na,SO,,, filtered
and concentrated to dryness to give a crude product, which
was purified by column chromatography using a Teledyne
ISCO apparatus, eluting with Cy/AcOEt (from 100:0 to
50:50) to afford the title compounds (1.2 g, 91%) as a mixture
(ratio 1:1) of two isomers as transparent oil. 'H NMR
(CDCl,) (as a 1:1 mixture of isomers): § 1.39-1.50 (m, 2H),
1.51-1.62 (m, 2H), 1.75-1.88 (m, 2H), 1.88-1.98 (m, 2H),
1.98-2.07 (m, 2H), 2.08-2.19 (m, 2H), 2.20-2.30 (m, 2H),
2.47 (dt, J=4.9, 13.5 Hz, 2H), 2.78 (dt, J=5.0, 13.9 Hz, 2H),
3.85-3.94 (m, 2H), 6.30 (s, 2H), 7.18-7.24 (m, 6H), 7.29-7.37
(m, 4H).

Step 4. Preparation of (1r, 4r)- and (1s,
4s)-4-benzylcyclohexanol

A solution of AcOFEt (60 mL) containing (S,E)- and (R,Z)-
4-benzylidenecyclohexanol (0.3 g, 1.59 mmol) was passed
through an H-Cube® hydrogenator flow reactor provided
with a 10% Pd/C cartridge. The system was set to full hydro-
gen mode at 30° C. and 1 bar (1.0 m[./min flow rate). The
recovered organic solution was concentrated to dryness to
afford pure title compounds (0.29 g, 95%) as a mixture (ratio
1:1) of two isomers, as transparent oil. 'H NMR (CDCl,) (as
a 1:1 mixture of isomers): 8 0.95-1.11 (m, 2H), 1.14-1.30 (m,
2H), 1.35-1.65 (m, 12H), 1.68-1.80 (m, 4H), 1.89-2.01 (m,
2H),2.49 (d,J=7.1 Hz,2H), 2.55 (d,J=7.2 Hz, 2H), 7.10-7.22
(m, 6H), 7.24-7.32 (m, 4H).

Step 5. Preparation of (1r, 4r)- and (1s, 4s)-4-benzyl-
cyclohexyl-2-pyridyl carbonate and (1r,4r)- and (1s,
4s)-4-benzylcyclohexyl-2-oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of (1r, 4r)-
and (1s, 4s)-4-benzylcyclohexanol (0.67 g, 3.52 mmol) in dry
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CH,Cl, (7 mL), DMAP (0.043 g, 0.35 mmol) and di-2-py-
ridyl-carbonate (0.91 g, 4.22 mmol) were added. The reaction
mixture was left to react at rt for 15 h, then diluted with
CH,Cl, and washed first with a saturated NH,Cl solution (3
mL) and subsequently with a saturated NaHCO, solution
(3x3 mL). The organic fraction was dried over Na,SO,, fil-
tered and concentrated to dryness to afford a yellow 0il (1.0 g,
91%), as a mixture of (1r,4r)- and (1s, 4s)-4-benzylcyclo-
hexyl-2-pyridyl carbonate and (1r, 4r)- and (1s, 4s)-4-benzyl-
cyclohexyl-2-oxopyridine 1-carboxylate. The mixture ofiso-
mers was not separated and used in the next step without any
further purification. MS (ESI) m/z: 312 [M-H]*, 334
[M-Na]*.

Step 6. Preparation of (2R,3 S)-2-(((((1r,4R)-4-ben-
zylcyclohexyl)-oxy)-carbonyl)-amino)-3-hydroxy-
butanoic acid and (2R,3 S)-2-(((((1s,4S)-4-benzylcy-
clohexyl)-oxy)-carbonyl)-amino)-3-hydroxy-
butanoic acid

To a stirred mixture of D-threonine (0.150 g, 1.25 mmol)
and NaHCO3 (0.158 g, 1.89 mmol) in H20 (3.5 mL), the
crude mixture containing (1r, 4R)- and (1s, 45)-4-benzylcy-
clohexyl-2-pyridyl carbonate and (1r, 4r)- and (1s, 4s)-4-
benzylcyclohexyl-2-oxopyridine 1-carboxylate (0.588 g,
1.89 mmol) in THF (3.5 mL) was added. After 15 h at rt, the
crude mixture was rotary evaporated to remove the organics
and subsequently extracted with Et,O (3x5 mL). The aqueous
phase was acidified with 2M HCI solution to pH 2-3 and
subsequently extracted with AcOEt (3x10 mL). The organic
fraction was dried over Na,SO,, filtered and concentrated to
dryness to afford the title compounds (0.4 g, 95%) as a mix-
ture (ratio 6:4) of two isomers, as transparent oil. The mixture
of'isomers was used in the next step without further purifica-
tion. MS (ESI) m/z: 336 [M-H]*; (ESI) m/z: 334 [M-H|~. 'H
NMR (DMSO-d,) (as a 6:4 mixture of isomers): 6 1.07 (d,
J=6.4 Hz, 3H, minor isomer), 1.10 (d, J=6.4 Hz, 3H major
isomer), 0.98-1.80 (m, 16H), 1.85-1.94 (m, 2H), 2.46 (d,
J=7.1 Hz, 2H), 3.88-3.95 (m, 2H), 4.00-4.12 (m, 2H), 4.36-
4.46 (m, 1H, minor isomer), 4.68-4.77 (m, 1H, major isomer),
6.56 (d, J=9.0 Hz, 1H, minor isomer), 6.59 (d, J=8.9 Hz, 1H,
major isomer), 7.12-7.21 (m, 6H), 7.24-7.31 (m, 4H), 12.52
(br s, 2H).

Step 7. Preparation of (Is, 4S) and (1r, 4R)-(4-ben-
zyleyclohexyl)-N-[(2S,3R)-2-methyl-4-oxo-oxetan-
3-yl]-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(2R,3 S)-2-(((((1r,4R)-4-benzylcyclohexyl)-oxy)-carbonyl)-
amino)-3-hydroxy-butanoic acid and (2R,3S)-2-(((((1s,4S)-
4-benzylcyclohexyl)-oxy)-carbonyl)-amino)-3-hydroxy-bu-
tanoic acid (0.4 g, 1.20 mmol) in dry CH,Cl, (40 mL), Et;N
(0.5 mL, 3.6 mmol) and subsequently TBTU (0.46 g, 1.44
mmol) were added. The mixture was left stirring 1 h at 0° C.
and 15 h at rt. Upon full conversion of the starting material,
the organics were removed under reduced pressure and the
resulting crude product absorbed over silica gel and purified
by typical column chromatography, eluting with Cy/AcOEt
(from 100:0 to 0:100) to afford the title compound (0.167 g,
43%) as a mixture (ratio 7:3) of two isomers, as white solid.
MS (ESI) m/z: 318 [M-H[*; (ESI) m/z: 316 [M-H]". 'H
NMR (DMSO-d,) (as a 7:3 mixture of isomers): 6 1.34 (d,
J=6.4 Hz, 3H, minor isomer), 1.37 (d, J=6.3 Hz, 3H, major
isomer), 1.00-1.99 (m, 18H), 2.48 (d, I=7.2 Hz, 2H), 4.40-
4.52 (m, 1H, minor isomer), 4.73-4.80 (m, 1H, major isomer),
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4.81-4.92 (m, 2H), 5.36-5.47 (m, 2H), 7.13-7.23 (m, 6H),
7.24-7.34 (m, 4H), 8.12-8.23 (m, 2.

Example 31

(R,Z) and (S,E)-(4-Benzylidenecyclohexyl)-N-[(2S,
3R)-2-methyl-4-oxooxetan-3-yl]-carbamate

Step 1. Preparation of (S,E) and (R,Z)-4-ben-
zylidenecyclohexyl-2-pyridyl-carbonate and (S,E)
and (R,Z)-4-benzylidenecyclohexyl-2-oxopyridine

1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of (S,E)-
and (R,Z)-4-benzylidenecyclohexanol [for the preparation
see example 30] (0.45 g, 2.38 mmol) in dry CH,CI, (5§ mL),
DMAP (0.029 g, 0.35 mmol) and di-2-pyridyl-carbonate
(0.62 g, 2.86 mmol) were added. The reaction mixture was
left to react at rt for 15 h, then diluted with CH,Cl, and
washed first with a saturated NH,Cl solution (3 mL) and
subsequently with a saturated NaHCO; solution (3x3 mL).
The organic fraction was dried over Na,SO,, filtered and
concentrated to dryness to afford a yellow oil (0.73 g, 98%),
as a mixture (ratio 1.8:1) of (S,E) and (R,Z)-4-benzylidenecy-
clohexyl-2-pyridyl-carbonate and (S,E) and (R,Z)-4-ben-
zylidenecyclohexyl-2-oxopyridine 1-carboxylate. The mix-
ture of isomers was not separated and used in the next step
without any further purification. MS (ESI) nv/z: 310 [M-F]*,
332 [M-Na]*.

Step 2. Preparation of (2R,38)-2-(((((R,Z)-4-benzy-
lydenecyclohexyl)-oxy)-carbonyl)-amino)-3-hydrox-
ybutanoic acid and (2R,3S)-2-(((((S,E)-4-benzyly-
denecyclohexyl)-oxy)-carbonyl)-amino)-3-
hydroxybutanoic acid

To a stirred mixture of D-threonine (0.11 g, 0.92 mmol) and
NaHCO; (0.158 g, 1.89 mmol) in H,O (3 mL), the crude
mixture containing (S,E)- and (R,7Z)-4-benzylidenecyclo-
hexyl-2-pyridyl-carbonate and (S,E)- and (R,Z)-4-ben-
zylidenecyclohexyl-2-oxopyridine 1-carboxylate (0.43 g,
1.38 mmol) in THF (3.5 mL) was added. After 15 h at rt, the
crude mixture was rotary evaporated to remove the organics
and subsequently extracted with Et,O (3x5mL). (0.43 g, 1.38
mmol) in THF (3.5 mL) was added. After 15 h at rt, the crude
mixture was rotary evaporated to remove the organics and
subsequently extracted with Et,O (3x5 mL). The aqueous
phase was acidified with 2M HCI solution to pH 2-3 and
subsequently extracted with AcOEt (3x10 mL). The organic
fraction was dried over Na,SO,, filtered and concentrated to
dryness to afford the title compound (0.24 g, 76%) as a
mixture (ratio 1:1) of isomers, as transparent oil. The mixture
of'isomers was used in the next step without further purifica-
tion. MS (ESI) m/z: 334 [M-H]*; (ESI) m/z: 332 [M-H|~.'H
NMR (DMSO-dy) (as a 1:1 mixture of isomers): § 1.07-1.15
(m, 6H), 1.43-1.72 (m, 4H), 1.79-2.00 (m, 4H), 2.19-2.37 (m,
4H), 2.38-2.49 (m, 4H), 2.57-2.72 (m, 2H), 3.95 (dd, J=3 4,
8.9 Hz, 2H), 4.03-4.12 (m, 2H), 4.72-4.82 (m, 2H), 6.70 (d,
J=8.9 Hz, 2H,), 7.18-7.27 (m, 6H), 7.30-7.39 (m, 4H), 12.48
(s, 2H).

Step 3. Preparation of (R,Z) and (S,E)-(4-ben-
zylidenecyclohexyl)-N-[(2S,3R)-2-methyl-4-0xo0-
oxetan-3-yl]-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(2R,38)-2-(((((R,Z)-4-benzylydenecyclohexyl)-oxy)-carbo-
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nyl)-amino)-3-hydroxybutanoic acid and (2R,3S)-2-(((((S,
E)-4-benzylydenecyclohexyl)-oxy)-carbonyl)-amino)-3-hy-
droxybutanoic acid (0.23 g, 0.7 mmol) in dry CH,Cl, (23
mL), Et;N (0.29 mL, 2.12 mmol) and subsequently TBTU
(0.27 g, 0.85 mmol) were added. The mixture was left stirring
1hat0°C. and 15 h at rt. Upon full conversion of the starting
material, the organics were removed under reduced pressure
and the resulting crude product absorbed over silica gel and
purified by typical column chromatography, eluting with
Cy/AcOEt (from 100:0 to 0:100) to afford the title com-
pounds (0.125 g, 56%) as a mixture (ratio 1:1) of diastereoi-
somers, as white solid. MS (ESI) m/z: 316 [M-H]*, 338
[M-Na]*; (ESI) m/z: 314 [M-H]~. "H NMR (DMSO-dy) (as
a 1:1 mixture of isomers): d 1.35 (d, J=1.4, 6.3 Hz, 6H),
1.42-1.67 (m, 4H), 1.81-2.02 (m, 4H), 2.17-2.35 (m, 4H),
2.37-2.46 (m, 2H), 2.57-2.68 (m, 2H), 4.73-4.82 (m, 2H),
4.85 (dq, J=6.3 Hz, 2H), 5.43 (dd, J=6.3, 9.4 Hz, 2H), 6.31 (s,
2H),7.17-7.25 (m, 6H), 7.29-7.36 (m, 4H), 8.23 (d, J=9.4 Hz,
2H).

Example 32

5-Phenylpentyl-N-[(2S,3S)-2-methyl-4-oxo-oxetan-
3-yl]-carbamate

Step 1. Preparation of
5-phenyl-pentyl-2-pyridyl-carbonate and
5-phenyl-pentyl-2-oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 5-phe-
nylpentan-1-ol (0.38 g, 2.34 mmol) in dry CH,Cl, (2 mL),
DMAP (0.028 g, 0.23 mmol) and di-2-pyridyl-carbonate
(0.61 g, 2.80 mmol) were added. The reaction mixture was
left to react at rt for 15 h, then diluted with CH,Cl, and
washed first with a saturated NH,C1 solution (3 mL) and
subsequently with a saturated NaHCO, solution (3x3 mL).
The organic fraction was dried over Na,SO,, filtered and
concentrated to dryness to afford a yellow 0il (0.64 g, quant.),
as a mixture (ratio 1.8:1) of 5-phenyl-pentyl-2-pyridyl-car-
bonate and 5-phenyl-pentyl-2-oxopyridine 1-carboxylate.
The mixture of isomers was not separated and used in the next
step without any further purification. MS (ESI) m/z: 286
[M-H]*, 308 [M-Na]*.

Step 2. Preparation of (25,3S)-3-hydroxy-2-(5-phe-
nylpentoxycarbonylamino)-butanoic acid

To a stirred mixture of [-allo-threonine (0.150 g, 1.25
mmol) and NaHCO; (0.158 g, 1.89 mmol) in H,O (3.5 mL),
the crude mixture containing 1-(4-phenylphenyl)ethyl-2-py-
ridyl-carbonate and S5-phenyl-pentyl-2-oxopyridine 1-car-
boxylate (0.538 g, 1.89 mmol) in THF (3.5 mL) was added.
After 15 h at rt, the crude mixture was rotary evaporated to
remove the organics and subsequently extracted with Et,O
(3x5 mL). The aqueous phase was acidified with 2M HCl
solution to pH 2-3 and subsequently extracted with AcOEt
(3%x10 mL). The organic fraction was dried over Na,SO,,
filtered and concentrated to dryness to afford the title com-
pound (0.35 g, 89%) as transparent oil, which was used in the
next step without further purification. MS (ESI) m/z: 310
[M-H]*; (ESI) m/z: 308 [M-H]". 'H NMR (DMSO-d,): 8
1.08 (d, J=6.1 Hz, 3H), 1.28-1.39 (m, 2H), 1.50-1.64 (m, 4H),
2.57 (t,J=7.7 Hz, 2H), 3.83-3.98 (m, 4H), 7.12 (d, J=8.7 Hz,
1H), 7.14-7.21 (m, 3H), 7.23-7.30 (m, 2H) 12.32 (br s, 1H).

Step 3. Preparation of 5-phenylpentyl-N-[(25,35)-2-
methyl-4-0x0-oxetan-3-yl]-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(28,35)-3-hydroxy-2-(5-phenylpentoxycarbonylamino)-bu-
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tanoic acid (0.35 g, 1.13 mmol) in dry CH,Cl, (35 mL), Et;N
(0.47 mL, 3.39 mmol) and subsequently TBTU (0.43 g, 1.35
mmol) were added. The mixture was left stirring 1 h at 0° C.
and 15 h at rt. Upon full conversion of the starting material,
the organics were removed under reduced pressure, and the
resulting crude product absorbed over silica gel and purified
by typical column chromatography, eluting with Cy/AcOEt
(from 100:0 to 0:100) to afford the title compound (0.223 g,
76%), as white solid. MS (EST) m/z: 292 [M-H]*; (ESI) m/z:
290 [M-H]". 'H NMR (DMSO-d,): & 1.28-1.39 (m, 2H),
1.48 (d,J=6.1 Hz, 3H), 1.54-1.65 (m, 4H), 2.57 (t,J=8.4, 16.2
Hz, 2H), 4.00 (t, J=6.6 Hz, 2H), 4.64-4.80 (m, 2H), 7.14-7.23
(m, 3H), 7.23-7.33 (m, 2H), 8.05 (d, J=7.9 Hz, 1H).

Example 33

Phenethyl-N-[(2S,3R)-2-methyl-4-0x0-0oxetan-3-yl]-
carbamate

Step 1. Preparation of phenethyl-2-pyridyl-carbonate
and phenethyl-2-oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 2-phe-
nylethanol (0.3 g, 2.45 mmol) in dry CH,Cl, (2 mL), DMAP
(0.030 g, 0.24 mmol) and di-2-pyridyl-carbonate (0.64 g,
2.94 mmol) were added. The reaction mixture was left to react
at rt for 15 h, then diluted with CH,Cl, and washed first with
a saturated NH,Cl solution (3 mL) and subsequently with a
saturated NaHCO; solution (3x3 mL). The organic fraction
was dried over Na,SO,, filtered and concentrated to dryness
to afford a yellow 0il (0.55 g, 92%), as a mixture (ratio 1.8:1)
of phenethyl-2-pyridyl-carbonate and phenethyl-2-oxopyri-
dine 1-carboxylate. The mixture of isomers was not separated
and used in the next step without any further purification. MS
(ESD) m/z: 244 [M-H]", 266 [M-Na]™.

Step 2. Preparation of (2R,3S)-3-Hydroxy-2-(phen-
ethyloxycarbonylamino)-butanoic acid

To a stirred mixture of D-threonine (0.150 g, 1.25 mmol)
and NaHCO; (0.158 g, 1.89 mmol) in H,O (3.5 mL), the
crude mixture containing phenethyl-2-pyridyl-carbonate and
phenethyl-2-oxopyridine 1-carboxylate (0.459 g, 1.89 mmol)
in THF (3.5 mL) was added. After 15 h at rt, the crude mixture
was rotary evaporated to remove the organics and subse-
quently extracted with Et,O (3x5 mL). The aqueous phase
was acidified with 2M HCI solution to pH 2-3 and subse-
quently extracted with AcOEt (3x10 mL). The organic frac-
tion was dried over Na,SO,, filtered and concentrated to
dryness to afford the title compound (0.35 g, 89%) as trans-
parent oil, which was used in the next step without further
purification. MS (ESI) nv/z: 268 [M-H]*; (ESI) m/z: 266
[M-H]~. "HNMR (DMSO-dy): 8 1.09 (d, J=6.4 Hz, 3H), 2.89
(t,J=6.9 Hz, 2H), 3.94 (dd, J=3.4, 9.0 Hz, 1H), 4.04-4.11 (m,
1H), 4.13-4.24 (m, 2H), 6.75 (d, 1=9.0 Hz, 1H), 7.20-7.33 (m,
5H) 11.95 (brs, 1H).

Step 3. Preparation of phenethyl-N-[(2S,3R)-2-me-
thyl-4-oxo-oxetan-3-yl]-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(2R,38)-3-hydroxy-2-(phenethyloxycarbonylamino)-bu-
tanoic acid (0.35 g, 1.30 mmol) indry CH,Cl, (35 mL), Et;N
(0.54 mL, 3.90 mmol) and subsequently TBTU (0.50 g, 1.56
mmol) were added. The mixture was left stirring 1 h at 0° C.
and 15 h at rt. Upon full conversion of the starting material,
the organics were removed under reduced pressure, and the
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resulting crude product absorbed over silica gel and purified
by typical column chromatography, eluting with Cy/AcOEt
(from 100:0 to 0:100) to afford the title compound (0.185 g,
57%) as white solid. MS (ESI) m/z: 250 [M-H]*; (ESI) m/z:
249 [M-H]". '"HNMR (DMSO-d,): 8 1.33 (d, J=6.3 Hz, 3H),
2.89(t,J=6.8 Hz, 2H), 4.15-4.29 (m, 2H), 4.84 (dq, J=6.3 Hz,
1H), 5.40(dd, J=6.1, 9.4 Hz, 1H), 7.19-7.36 (m, 5H), 8.23 (d,
J=9.4 Hz, 1H).

Example 34

6-Phenylhexyl-N-[(2S,3R)-2-methyl-4-ox0-oxetan-
3-yl]-carbamate

Step 1. Preparation of
6-phenylhexyl-2-pyridyl-carbonate and
6-phenylhexyl-2-oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 6-phe-
nylhexan-1-ol (0.3 g, 1.68 mmol) in dry CH,Cl, (3 mL),
DMAP (0.02 g, 0.17 mmol) and di-2-pyridyl-carbonate (0.44
g, 2.02 mmol) were added. The reaction mixture was left to
react at rt for 15 h, then diluted with CH,Cl, and washed first
with a saturated NH,Cl solution (3 mL) and subsequently
with a saturated NaHCO; solution (3x3 mL). The organic
fraction was dried over Na,SO,, filtered and concentrated to
dryness to afford a yellow oil (0.43 g, 86%), as a mixture
(ratio 1.8:1) of 6-phenylhexyl-2-pyridyl-carbonate and
6-phenylhexyl-2-oxopyridine 1-carboxylate. The mixture of
isomers was not separated and used in the next step without
any further purification. MS (ESI) m/z: 300 [M-H]*,322
[M-Na]*.

Step 2. Preparation of (2R,3S)-3-hydroxy-2-(6-phe-
nylhexoxycarbonylamino)-butanoic acid

To a stirred mixture of D-threonine (0.12 g, 1.0 mmol) and
NaHCO; (0.13 g, 1.5 mmol) in H,O (3.5 mL), the crude
mixture containing 6-phenylhexyl-2-pyridyl-carbonate and
6-phenylhexyl-2-oxopyridine 1-carboxylate (0.45 g, 1.5
mmol) in THF (3.5 mL) was added. After 15 h at rt, the crude
mixture was rotary evaporated to remove the organics and
subsequently extracted with Et,O (3x5 mL). The aqueous
phase was acidified with 2M HCI solution to pH 2-3 and
subsequently extracted with AcOEt (3x10 mL). The organic
fraction was dried over Na,SO,, filtered and concentrated to
dryness to afford the title compound (0.25 g, 78%) as trans-
parent oil, which was used in the next step without further
purification. MS (ESI) m/z: 324 [M-H]J*; (ESI) m/z: 322
[M-H]~. 'H NMR (DMSO-d¢): § 1.08 (d, J=6.4 Hz, 3H),
1.24-1.40 (m, 4H), 1.46-1.63 (m, 4H), 2.56 (t, I=7.6 Hz, 2H),
3.88-3.99 (m, 3H), 4.00-4.12 (m, 1H), 6.67 (d, J=9.0 Hz, 1H),
7.13-7.21 (m, 3H), 7.22-7.31 (m, 2H), 12.40 (br s, 1H).

Step 3. Preparation of 6-phenylhexyl-N-[(2S,3R)-2-
methyl-4-0x0-oxetan-3-yl]-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(2R,38)-3-hydroxy-2-(6-phenylhexoxycarbonylamino)-bu-
tanoic acid (0.25 g, 0.78 mmol) in dry CH,Cl, (25 mL), Et;N
(0.33 mL, 2.35 mmol) and subsequently TBTU (0.30 g, 1.2
mmol) were added. The mixture was left stirring 1 h at 0° C.
and 15 hrt. Upon full conversion of the starting material, the
organics were removed under reduced pressure, and the
resulting crude product absorbed over silica gel and purified
by typical column chromatography, eluting with Cy/AcOEt
(from 100:0 to 0:100) to afford the title compound (0.12 g,
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50%) as white solid. MS (ESI) m/z: 306 [M-H]*; (ESI) m/z:
304 [M-H]~. 'H NMR (DMSO-dy): & 1.26-1.39 (m, 4H),
1.34(d,J=6.4 Hz, 3H), 1.48-1.65 (m, 4H), 2.54-2.61 (m, 2H),
3.91-4.06 (m. 2H), 4.84 (dq, J=6.3 Hz, 1H), 5.41 (dd, J=6.1,
9.4 Hz, 1H), 7.11-7.31 (m, SH), 8.19 (d, J=9.4 Hz, 1H).

Example 35

5-Cyclohexylpentyl-N-[(2S,3R)-2-methyl-4-oxo-
oxetan-3-yl]-carbamate

Step 1. Preparation of 5-cyclohexylpentan-1-o0l

Under nitrogen atmosphere, at 0° C., to a stirring mixture
of 2M LiAlH, (13.04 mL, 26.08 mmol) solution in Et,O in
dry Et,O (67 mL), 5-cyclohexylpentanoic acid (1.2 g, 6.52
mmol) in dry Et,O (2 mL) was added dropwise. The mixture
was left to react at rt for 4 h, then upon full conversion of the
starting material, at 0° C., H,0 (13.04 mL), 3M KOH (13.04
mL) solution and H,O (43.65 mL) were very slowly added.
The mixture was stirred for 1 h at 0° C., filtered to remove the
solid residue, and the remaining organic phase dried over
Na,SO,. The organic solution was again filtered and concen-
trated to dryness affording the title compound (0.98 g, 88%)
as a colorless oil. "H NMR (DMSO-d,): 8 0.77-0.93 (m, 2H),
1.06-1.34 (m, 10H), 1.35-1.47 (m, 2H), 1.56-1.76 (m, 5H),
3.37 (t, J=6.6 Hz, 2H).

Step 2. Preparation of 5-cyclohexylpentyl 2-pyridyl
carbonate and 5-cyclohexylpentyl 2-oxopyridine
1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 5-cy-
clohexylpentan-1-ol (0.55 g, 3.23 mmol) in dry CH,Cl, (3
mL), DMAP (0.04 g, 0.32 mmol) and di-2-pyridyl-carbonate
(0.91 g, 4.19 mmol) were added. The reaction mixture was
left to react at rt for 15 h, then diluted with CH,Cl, and
washed first with a saturated NH,Cl solution (3 mL) and
subsequently with a saturated NaHCO; solution (3x3 mL).
The organic fraction was dried over Na,SO,, filtered and
concentrated to dryness to afford a yellow oil (0.92 g, 98%),
as a mixture (ratio 1.8:1) of 5-cyclohexylpentyl 2-pyridyl
carbonate and 5-cyclohexylpentyl 2-oxopyridine 1-carboxy-
late. The mixture of isomers was not separated and used in the
next step without any further purification. MS (ESI) m/z: 292
[M-H]*,314 [M-Na]™".

Step 3. Preparation of (2R,35)-2-(5-cyclohexylpen-
toxycarbonylamino)-3-hydroxy-butanoic acid

To a stirred mixture of D-threonine (0.15 g, 1.25 mmol) and
NaHCO; (0.16 g, 1.89 mmol) in H,O (3.5 mL), the crude
mixture containing S-cyclohexylpentyl 2-pyridyl carbonate
and 5-cyclohexylpentyl 2-oxopyridine 1-carboxylate (0.55 g,
1.5 mmol) in THF (3.5 mL) was added. After 15 h at rt, the
crude mixture was rotary evaporated to remove the organics
and subsequently extracted with Et,O (3x5 mL). The aqueous
phase was acidified with 2M HCI solution to pH 2-3 and
subsequently extracted with AcOEt (3x10 mL). The organic
fraction was dried over Na,SO,, filtered and concentrated to
dryness to afford the title compound (0.32 g, 81%) as trans-
parent oil, which was used in the next step without further
purification. MS (ESI) m/z: 316 [M-HJ*; (ES]) m/z: 314
[M-H]~. "H NMR (DMSO-dy): 8 0.77-0.93 (m, 2H), 1.02-
1.37 (m, 13H), 1.45-1.72 (m, 7H), 3.88-3.99 (m, 3H), 4.01-
4.11 (m, 1H), 6.66 (d, J=9.0 Hz, 1H), 11.77 (br s, 1H).
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Step 4. Preparation of 5-cyclohexylpentyl-N-[(2S,
3R)-2-methyl-4-oxo-oxetan-3-yl]|-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(2R,38)-2-(5-cyclohexylpentoxycarbonylamino)-3-hy-
droxy-butanoic acid (0.32 g, 1.02 mmol) in dry CH,Cl, (30
mL), Et;N (0.43 mL, 3.08 mmol) and subsequently TBTU
(0.39 g, 1.2 mmol) were added. The mixture was left stirring
1 hat0°C. and 15 h rt. Upon full conversion of the starting
material, the organics were removed under reduced pressure,
and the resulting crude product absorbed over silica gel and
purified by typical column chromatography, eluting with
Cy/AcOEt (from 100:0 to 0:100) to afford the title compound
(0.12 g, 39%) as white solid. MS (ESI) m/z: 298 [M-H]*;
(BSI) m/z: 296 [M-H]~. 'H NMR: § 0.78-0.93 (m, 2H),
1.05-1.33 (m, 10H), 1.36 (d, J=6.4 Hz, 3H), 1.51-1.72 (m,
7H), 3.92-4.09 (m, 2H), 4.86 (dq, J=6.3 Hz, 1H), 5.42 (dd,
J=6.1,9.4 Hz, 1H), 8.20 (d, ]=9.4 Hz, 1H).

Example 36

2-Phenethyloxyethyl-N-[(2S,3R)-2-methyl-4-0xo0-
oxetan-3-yl]-carbamate

Step 1. Preparation of 2-phenethyloxyacetic acid

To a stirred mixture of phenethyl alcohol (1.0 g, 8.18
mmol) in DMSO (16 mL) under nitrogen flow, NaH (0.39 g,
16.37 mmol) was added in one portion and the mixture was
stirred at 60° C. for 10 min. Following the addition of chlo-
roacetic acid (0.77 g, 8.18 mmol), the reaction mixture was
heated at 80° C. for 3 h. The cooled mixture was then poured
into H,O and the aqueous phase acidified to pH 1.0 witha 2.0
N HCI solution. The aqueous phase was then extracted with
EtOAc (3x20 mL), and the combined organic phase washed
with brine and dried over Na,SO,, to afford the title compound
(1.11 g, 75%), which was used in the following step without
further purification. "H NMR (DMSO-dy): 8 2.83 (t, J=7.0
Hz, 2H), 3.67 (t, J=7.0 Hz, 2H), 4.00 (s, 2H), 7.15-7.32 (m,
5H), 12.64 (s, 1H).

Step 2. Preparation of 2-phenethyloxyethanol

Under nitrogen atmosphere, at 0° C., to a stirring mixture
of LiAlH, (0.93 g, 24.63 mmol) in dry Et,O (60 mL), 2-phen-
ethyloxyacetic acid (1.1 g, 6.15 mmol) in dry Et,O (6 mL)
was added dropwise. The mixture was left to react at rt for 4
h, then at 0° C. H,O (0.93 mL), 3.0 M KOH solution (0.93
ml.)and H,O (3.12 mL) were very slowly added. The mixture
was stirred at 0° C. for 1 h, filtered to remove the solid residue,
and the organic phase dried over Na,SO,. The organic solu-
tion was again filtered and concentrated to dryness. The crude
mixture was purified by column chromatography using a
Teledyne ISCO apparatus, eluting with Cy:EtOAc (from
100:0to 60:40) affording the title compound (0.69 g, 68%) as
acolorless oil. 'H NMR (DMSO-dy): §2.81 (t, J=7.1 Hz, 2H),
3.40-3.44 (m, 2H), 3.45-3.51 (m, 2H), 3.60 (t, I=7.1 Hz, 2H),
4.55 (t,J=5.4 Hz, 1H), 7.15-7.30 (m, 5H).

Step 3. Preparation of 2-phenethyloxyethyl 2-pyridyl
carbonate and
2-phenethyloxyethyl-2-oxopyridine-1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 2-phen-
ethyloxyethanol (0.35 g, 2.11 mmol) in dry CH,Cl, (3.5 mL),
DMAP (0.025 g, 0.21 mmol) and di-2-pyridyl carbonate
(0.54 g, 2.53 mmol) were added. The reaction mixture was

5

10

15

20

25

30

35

40

45

50

55

60

65

114

left at rt for 17 h, then diluted with CH,Cl, and washed first
with a saturated NH,Cl solution (3.0 mL) and subsequently
with a saturated NaHCO; solution (3x3 mL). The organic
fraction was dried over Na,SO,, filtered and concentrated to
dryness to afford an orange oil (0.57 g, 88%), as a mixture
(ratio 1.8:1) of 2-phenethyloxyethyl-2-pyridyl carbonate and
2-phenethyloxyethyl-2-oxopyridine-1-carboxylate. The
mixture of isomers was not separated and used in the next step
without any further purification. MS (ESD) m/z: 310
[M-Na]*, 288 [M-H]*.

Step 4. Preparation of (2R,3S)-3-hydroxy-2-(2-phen-
ethyloxyethoxy-carbonylamino)-butanoic acid

To a stirred mixture of D-threonine (0.15 g, 1.25 mmol) and
NaHCO; (0.16 g, 1.25 mmol) in H,O (3.0 mL), the crude
isomeric mixture containing 2-phenethyloxyethyl-2-pyridyl
carbonate and 2-phenethyloxyethyl-2-oxopyridine-1-car-
boxylate (0.54 g, 1.89 mmol) in THF (3.0 mL) was added.
After 15 h at rt, the crude mixture was rotary evaporated to
remove the organics and subsequently extracted with Et,O
(3x5 mL). The aqueous phase was acidified with 2.0 M HC1
solution to pH 2-3 and subsequently extracted with EtOAc
(3%x10 mL). The organic fraction was dried over Na,SO,,
filtered and concentrated to dryness to afford the title com-
pound (0.38 g, 94%) as transparent oil, which was used in the
next step without further purification. MS (ESI) m/z: 312
[M-H]+; (ESI) m/z: 310 [M-H]-. '"H NMR (DMSO-dy): 8
1.09 (d, J=6.4 Hz, 3H), 2.81 (t, J=7.1 Hz, 2H), 3.55-3.66 (m,
4H), 3.93 (dd, J=3.4, 8.9 Hz, 1H), 4.00-4.15 (m, 3H), 6.83 (d,
J=8.9 Hz, 1H), 7.14-7.32 (m, 5H), 12.20 (s, 1H).

Step 5. Preparation of 2-phenethyloxyethyl-N-[(2S,
3R)-2-methyl-4-0x0-oxetan-3-yl|-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(2R,38)-3-hydroxy-2-(2-phenethyloxyethoxy-carbony-
lamino)-butanoic acid (0.46 g, 1.18 mmol) in dry CH,Cl, (35
mL), Et;N (0.49 mlL,, 3.55 mmol) and subsequently TBTU
(0.30 g, 1.42 mmol) were added. The mixture was left stirring
1hat0°C. and 15 h at rt. Upon full conversion of the starting
material, the organics were removed under reduced pressure,
and the resulting crude product absorbed over silica gel and
purified by typical column chromatography, eluting with
Cy:EtOAc (from 100:0 to 0:100) to afford the pure title com-
pound (0.18 g, 60%) as white solid. MS (ESI) m/z: 294
[M-H]*; (ESI) m/z: 292 [M-H]~. '"H NMR (DMSO-d,): &
1.35 (d, J=6.4 Hz, 3H), 2.81 (t, I=7.1 Hz, 2H), 3.59 (1, 1H),
3.62(t,J=6.3 Hz, 1H), 4.05-4.21 (m, 2H), 4.85 (dq, J=6.3 Hz,
1H), 5.43 (dd, J=6.1, 9.4 Hz, 1H), 7.15-7.33 (m, 5H), 8.33 (d,
J=9.4 Hz, 1H).

Example 37

5-Phenylpentyl-N-[(2R,3S)-2-methyl-4-0x0-oxetan-
3-yl]-carbamate

Step 1. Preparation of
5-phenyl-pentyl-2-pyridyl-carbonate and
5-phenyl-pentyl-2-oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 5-phe-
nylpentan-1-ol (0.38 g, 2.34 mmol) in dry CH,Cl, (2.0 mL),
DMAP (0.028 g, 0.23 mmol) and di-2-pyridyl-carbonate
(0.61 g, 2.80 mmol) were added. The reaction mixture was
left to react for 15 h at rt, then diluted with CH,Cl, and
washed first with a saturated NH,C1 solution (3.0 mL) and
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subsequently with a saturated NaHCO, solution (3x3 mL).
The organic fraction was dried over Na,SO,, filtered and
concentrated to dryness to afford a yellow 0il (0.64 g, quant.),
as a mixture (ratio 1.8:1) of 5-phenyl-pentyl-2-pyridyl-car-
bonate and 5-phenyl-pentyl-2-oxopyridine 1-carboxylate.
The mixture of isomers was not separated and used in the next
step without any further purification. MS (ESI) m/z: 286
[M-H]*, 308 [M-Na]*.

Step 2. Preparation of (2S,3R)-2-(5-phenylpentoxy-
carbonylamino)-3-hydroxy-butanoic acid

To a stirred mixture of L-threonine (0.150 g, 1.25 mmol)
and NaHCO; (0.158 g, 1.89 mmol) in H,O (3.5 mL), the
crude mixture containing S-phenyl-pentyl-2-pyridyl-carbon-
ate and 5-phenyl-pentyl-2-oxopyridine 1-carboxylate (0.538
g, 1.89 mmol) in THF (3.5 mL) was added. After 15 h atrt, the
crude mixture was rotary evaporated to remove the organics
and subsequently extracted with Et,O (3x5 mL). The aqueous
phase was acidified with 2.0 M HCI solution to pH 2-3 and
subsequently extracted with EtOAc (3x10 mL). The organic
fraction was dried over Na,SO,, filtered and concentrated to
dryness to afford the title compound (0.33 g, 88%) as trans-
parent oil, which was used in the next step without further
purification. MS (ESI) m/z: 332 [M-Na]*, 327 [M-NH,]*;
(BSI) m/z: 308 [M-H]". 'H NMR (DMSO-d,) & 1.08 (d,
J=6.3 Hz,3H), 1.29-1.39 (m, 2H), 1.53-1.63 (m, 4H), 2.57 1,
J=7.7Hz, 2H),3.89-3.99 (m, 3H), 4.01-4.11 (m, 1H), 6.67 (d,
J=9.0 Hz, 1H), 7.13-7.30 (m, 5H), 12.33 (s, 1H).

Step 3. Preparation of 5-phenylpentyl-N-[(2R,35)-2-
methyl-4-0x0-oxetan-3-yl]-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(28,3R)-3-hydroxy-2-(5-phenylpentoxy-carbonylamino)-
butanoic acid (0.3 g, 0.89 mmol) in dry CH,Cl, (30 mL), Et;N
(0.37 mL, 2.67 mmol) and subsequently TBTU (0.34 g, 1.06
mmol) were added. The mixture was left stirring 1 h at 0° C.
and 15 h at rt. Upon full conversion of the starting material,
the organics were removed under reduced pressure, and the
resulting crude product absorbed over silica gel and purified
by typical column chromatography, eluting with Cy:EtOAc
(from 100:0 to 0:100) to afford the title compound (0.18 g,
70%), as white solid. [a]*® 5 +21.3 (c 0.1, CHCI,). MS (ESI)
m/z: 292 [M-H]*; (BSI) m/z: 290 [M-H]~. '‘H NMR
(DMSO-dy) 9 1.37-1.28 (m, 2H), 1.33 (d, J=6.4 Hz, 3H),
1.64-1.53 (m, 4H), 2.57 (t, J=7.7 Hz, 2H), 4.06-3.93 (m, 2H),
4.84 (dq, J=6.1, 6.4 Hz, 1H), 5.40 (dd, J=6.1, 9.4 Hz, 1H),
7.30-7.13 (m, 5H), 8.19 (d, J=9.4 Hz, 1H).

Example 38

5-Phenylpentyl-N-[(2R,3R)-2-methyl-4-0x0-0oxetan-
3-yl]-carbamate

Step 1. Preparation of
5-phenyl-pentyl-2-pyridyl-carbonate and
5-phenyl-pentyl-2-oxopyridine 1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 5-phe-
nylpentan-1-ol (0.38 g, 2.34 mmol) in dry CH,Cl, (2.0 mL),
DMAP (0.028 g, 0.23 mmol) and di-2-pyridyl-carbonate
(0.61 g, 2.80 mmol) were added. The reaction mixture was
left to react for 15 h at rt, then diluted with CH,Cl, and
washed first with a saturated NH,Cl solution (3.0 mL) and
subsequently with a saturated NaHCO, solution (3x3 mL).
The organic fraction was dried over Na,SO,, filtered and
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concentrated to dryness to afford a yellow oil (0.64 g, quant.),
as a mixture (ratio 1.8:1) of 5-phenyl-pentyl-2-pyridyl-car-
bonate and S5-phenyl-pentyl-2-oxopyridine 1-carboxylate.
The mixture of isomers was not separated and used in the next
step without any further purification. MS (ESI) m/z: 286
[M-H]*, 308 [M-Na]*.

Step 2. Preparation of (2R,3R)-2-(5-phenylpentoxy-
carbonylamino)-3-hydroxy-butanoic acid

To a stirred mixture of D-allo-threonine (0.10 g, 0.83
mmol) and NaHCO; (0.11 g, 1.25 mmol) in H,O (3.5 mL),
the crude mixture containing 5-phenyl-pentyl-2-pyridyl-car-
bonate and S5-phenyl-pentyl-2-oxopyridine 1-carboxylate
(0.36 g, 1.25 mmol) in THF (3.0 mL) was added. After 15 hat
rt, the crude mixture was rotary evaporated to remove the
organics and subsequently extracted with Et,O (3x5 mL).
The aqueous phase was acidified with 2.0 M HCl solution to
pH 2-3 and subsequently extracted with EtOAc (3x10 mL).
The organic fraction was dried over Na,SO,, filtered and
concentrated to dryness to afford the title compound (0.23 g,
89%) as colorless oil, which was used in the next step without
further purification. MS (ESI) nvz: 332 [M-Na]*, 327
[M-NH,]*; (BST) m/z: 308 [M-H]~. 'H NMR (DMSO-d,) &
1.08 (d, J=6.0 Hz, 3H), 1.28-1.39 (m, 2H), 1.59 (t, J=9.0 Hz,
4H), 2.57 (1, J=7.7 Hz, 2H), 3.80-4.00 (m, 4H), 7.10 (d, J=8.1
Hz, 1H), 7.13-7.22 (m, 3H), 7.22-7.31 (m, 2H), 12.33 (s, 1H).

Step 3. Preparation of 5-phenylpentyl-N-[(2R,3R)-2-
methyl-4-0x0-oxetan-3-yl]-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(2R,3R)-3-hydroxy-2-(5-phenylpentoxy-carbonylamino)-
butanoic acid (0.23 g, 0.74 mmol) in dry CH,Cl, (23 mL),
Et;N (0.31 mL, 2.22 mmol) and subsequently TBTU (0.28 g,
0.88 mmol) were added. The mixture was left stirring 1 h at 0°
C.and 15 hat rt. Upon full conversion of the starting material,
the organics were removed under reduced pressure, and the
resulting crude product absorbed over silica gel and purified
by typical column chromatography, eluting with Cy:EtOAc
(from 100:0 to 0:100) to afford the title compound (0.15 g,
69%), as white solid. [a(]*® , +28.23 (c 0.1, CHCl,). MS (ESI)
m/z: 292 [M-H]*; (ESD) m/z: 290 [M-H]~. '‘H NMR
(DMSO-dy) 9 1.38-1.27 (m, 2H), 1.47 (d, J=6.1 Hz, 3H),
1.64-1.53 (m, 4H), 2.59-2.54 (m, 2H), 3.98 (t, J=6.6 Hz, 2H),
4.77-4.64 (m, 2H), 7.21-7.13 (m, 3H), 7.31-7.24 (m, 2H),
8.04 (d, I=7.9 Hz, 1H).

Example 39

Hexyl-N-[(2S,3R)-2-methyl-4-ox0-oxetan-3-yl]-
carbamate

Step 1. Preparation of hexyl-2-pyridyl-carbonate and
hexyl-2-oxopyridine-1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of hexan-
1-01(0.3 g, 2.93 mmol) in dry CH,Cl, (3.0 mL)), DMAP (0.03
g, 0.29 mmol) and di-2-pyridyl-carbonate (0.76 g, 3.52
mmol) were added. The reaction mixture was left to react for
15 h at rt, then diluted with CH,Cl, and washed first with a
saturated NH,Cl solution (3.0 mL) and subsequently with a
saturated NaHCO; solution (3x3 mL). The organic fraction
was dried over Na,SO,, filtered and concentrated to dryness
to afford a yellow 0il (0.58 g, 90%), as a mixture (ratio 1.8:1)
of hexyl-2-pyridyl-carbonate and hexyl-2-oxopyridine-1-
carboxylate. The mixture of isomers was not separated and



US 9,353,075 B2

117
used in the next step without any further purification. MS
(ESI) m/z: 224 [M-H]*, 246 [M-Na]™.

Step 2. Preparation of
(2R,38)-3-hydroxy-2-(hexoxycarbonylamino)-butanoic
acid

To a stirred mixture of D-threonine (0.150 g, 1.25 mmol)
and NaHCO; (0.158 g, 1.89 mmol) in H,O (3.5 mL), the
crude mixture containing hexyl-2-pyridyl-carbonate and
hexyl-2-oxopyridine-1-carboxylate (0.45 g, 1.89 mmol) in
THF (3.5 mL) was added. After 15 h at rt, the crude mixture
was rotary evaporated to remove the organics and subse-
quently extracted with Et,O (3x5 mL). The aqueous phase
was acidified with 2.0 M HCI solution to pH 2-3 and subse-
quently extracted with EtOAc (3x10 mL). The organic frac-
tion was dried over Na,SO,, filtered and concentrated to
dryness to afford the title compound (0.27 g, 88%) as trans-
parent oil, which was used in the next step without further
purification. "H NMR (DMSO-dy) 8 0.83-0.90 (m, 3H), 1.08
(d, I=6.3 Hz, 3H), 1.21-1.36 (m, 6H), 1.49-1.59 (m, 2H),
3.89-3.99 (m, 3H), 4.01-4.11 (m, 1H), 6.67 (d, J=9.0 Hz, 1H),
12.30 (br s, 1H).

Step 3. Preparation of hexyl-N-[(2S,3R)-2-methyl-4-
oxooxetan-3-yl]-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
employing (2R,35)-2-(hexoxycarbonylamino)-3-hydroxy-
butanoic acid (0.27 g, 1.10 mmol) in dry CH,Cl, (27 mL),
Et;N (0.46 mL, 3.31 mmol) and subsequently TBTU (0.42 g,
1.32 mmol) were added. The mixture was left stirring 1 hat 0°
C.and 15 hatrt. Upon full conversion of the starting material,
the organics were removed under reduced pressure, and the
resulting crude product absorbed over silica gel and purified
by typical column chromatography, eluting with Cy:EtOAc
(from 100:0 to 0:100) to afford the title compound (0.18 g,
73%), as white solid. [a]*® 5 -25.1 (c 0.1, CHCL,). MS (ESI)
m/z: 230 [M-H]*; (BSI) m/z: 228 [M-H]~. '‘H NMR
(DMSO-dy) 8 0.86 (t,J=6.9 Hz, 3H), 1.38-1.21 (m, 6H), 1.34
(d, J=6.4 Hz, 3H), 1.62-1.50 (m, 2H), 4.07-3.93 (m, 2H), 4.84
(dq, J=6.1, 6.4 Hz, 1H), 5.40 (dd, J=6.1, 9.3 Hz, 1H), 8.19 (d,
J=9.3 Hz, 1H).

Example 40

Heptyl-N-[(2S,3R)-2-methyl-4-0x0-oxetan-3-yl]-
carbamate

Step 1. Preparation of heptyl-2-pyridyl-carbonate
and heptyl-2-oxopyridine-1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of heptan-
1-01(0.3 g, 2.58 mmol) in dry CH,Cl, (3.0 mL)), DMAP (0.03
g, 0.29 mmol) and di-2-pyridyl-carbonate (0.67 g, 3.1 mmol)
were added. The reaction mixture was left to react for 15 h at
rt, then diluted with CH,Cl, and washed first with a saturated
NH,CI solution (3.0 mL) and subsequently with a saturated
NaHCOj; solution (3x3 mL). The organic fraction was dried
over Na, SO, filtered and concentrated to dryness to afford a
yellow oil (0.59 g, 96%), as a mixture (ratio 1.8:1) of heptyl-
2-pyridyl-carbonate and heptyl-2-oxopyridine-1-carboxy-
late. The mixture of isomers was not separated and used in the
next step without any further purification. MS (ESI) m/z: 238
[M-H]*, 260 [M-Na]*.
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Step 2. Preparation of (2R,3S)-3-hydroxy-2-(hep-
toxycarbonylamino)-butanoic acid

To a stirred mixture of D-threonine (0.15 g, 1.25 mmol) and
NaHCO; (0.158 g, 1.89 mmol) in H,O (3.5 mL), the crude
mixture containing heptyl-2-pyridyl-carbonate and heptyl-2-
oxopyridine-1-carboxylate (0.45 g, 1.89 mmol) in THF (3.5
ml.) was added. After 15 h at rt, the crude mixture was rotary
evaporated to remove the organics and subsequently
extracted with Et,O (3x5 mL). The aqueous phase was acidi-
fied with 2.0 M HCI solution to pH 2-3 and subsequently
extracted with EtOAc (3x10 mL). The organic fraction was
dried over Na,SO,, filtered and concentrated to dryness to
afford the title compound (0.3 g, 91%) as transparent oil,
which was used in the next step without further purification.
'"HNMR (DMSO-d,) 8 0.86 (t, 7=6.8 Hz, 3H), 1.08 (d, J=6.4
Hz,3H), 1.18-1.36 (m, 8H), 1.46-1.61 (m, 2H), 3.87-4.01 (m,
3H), 4.01-4.14 (m, 1H), 6.67 (d, J=9.0 Hz, 1H) 12.20 (br s,
1H).

Step 3. Preparation of heptyl-N-[(2S,3R)-2-methyl-
4-oxo0-oxetan-3-yl]-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
employing (2R,38)-2-(heptoxycarbonylamino)-3-hydroxy-
butanoic acid (0.3 g, 1.14 mmol) indry CH,Cl, (30mL), Et;N
(0.48 mL, 3.44 mmol) and subsequently TBTU (0.44 g, 1.37
mmol) were added. The mixture was left stirring 1 h at 0° C.
and 15 h at rt. Upon full conversion of the starting material,
the organics were removed under reduced pressure, and the
resulting crude product absorbed over silica gel and purified
by typical column chromatography, eluting with Cy:EtOAc
(from 100:0 to 0:100) to afford the title compound (0.10 g,
37%), as white solid.

[@]* 5 -23.1 (c 0.1, CHCL,). MS (ESI) m/z: 244 [M-H]*;
(ESI)m/z: 242 [M-H]~. '"H NMR (DMSO-d,) 3 0.86 (t, I=6.9
Hz,3H), 1.32-1.20 (m, 8H), 1.34 (d, J=6.4 Hz, 3H), 1.60-1.49
(m, 2H), 4.07-3.93 (m, 2H), 4.84 (dq, J=6.1, 6.4 Hz, 1H), 5.40
(dd, J=6.1, 9.4 Hz, 1H), 8.19 (d, J=9.4 Hz, 1H).

Example 41

5-Phenylpentyl-N-methyl-N-[(2S,3R)-2-methyl-4-
oxo-oxetan-3-yl]-carbamate

Step 1. Preparation of (2R,3S)-3-benzyloxy-2-[tert-
butoxycarbonyl-(methyl)-amino|-butanoic acid

In a round bottom flask, under argon atmosphere, commer-
cially available (2R,3S)-3-benzyloxy-2-(tert-butoxycarbo-
nyl-amino)-butanoic acid was dissolved in dry THF (15 mL).
Subsequently at 0° C., NaH (60% dispersion in mineral oil,
0.21 g, 5.33 mmol) was added in one portion. The reaction
mixture was left to stir at the same temperature for 10 min and
then Mel (0.95 mL, 15.22 mmol) followed by DMF (0.75
ml) were sequentially added. The reaction was left for 2.0 h
at 0° C. and for 15 h at rt, then quenched with H,O (15 mL),
diluted with EtOAc (30 mL) and acidified to pH 2 by drop-
wise addition of 2.0 N HCI aqueous solution. The organic
layer was separated and the aqueous phase was back-ex-
tracted with EtOAc (2x30 mL). The organic phase was dried
over Na,SQO,, filtered and concentrated to dryness. The crude
mixture was purified by column chromatography using a
Teledyne ISCO apparatus eluting with Cy: TBME (60:40) to
give the title compound (1.1 g, 67%), as a mixture of two
rotamers (2:1 ratio), as a colorless oil. 'H NMR (DMSO-d)
8 1.13-1.20 (m, 6H), 1.36 (s, 9H, minor rotamer), 1.41 (s, 9H,
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major rotamer), 2.84 (s, 3H, minor rotamer), 2.87 (s, 3H,
major rotamer), 4.13-4.24 (m, 2H), 4.34-4.40 (m, 2H), 4.49
(d, J=5.5 Hz, 1H, minor rotamer), 4.57-4.62 (m, 2H), 4.71 (d,
J=5.2 Hz, 1H, major rotamer), 7.23-7.35 (m, 10H).

Step 2. Preparation of (2R,3S)-2-[tert-butoxycarbo-
nyl-(methyl)-amino]-3-hydroxy-butanoic acid

(2R,38)-3-Benzyloxy-2-[tert-butoxycarbonyl-(methyl)-
amino]-butanoic acid (0.5 g, 1.55 mmol) was dissolved in
abs. EtOH (100 mL). The solution was passed through the
H-Cube® hydrogenator flow reactor provided with a 10%
Pd/C cartridge [flow rate=1.0 mI/min, P=1.0 bar, T=60° C.].
The hydrogenated solution was concentrated to dryness to
afford title compound (0.35 g, 96%), as a mixture of two
rotamers (1:1.3 ratio), as a colorless oil. '\H NMR (DMSO-d,)
8 1.06-1.12 (m, 6H), 1.36 (s, 9H, minor rotamer), 1.40 (s, 9H,
major rotamer), 2.86 (s, 3H, minor rotamer), 2.89 (s, 3H,
major rotamer), 4.15-4.27 (m, 2H), 4.33 (m, 1H, minor rota-
mer), 4.47 (d, J=5.3 Hz, 1H, major rotamer).

Step 3. Preparation of [(1R,2S)-1-carboxy-2-hy-
droxy-propyl]-methyl-ammonium toluene-4-sul-
fonate

In a heart-shaped flask, (2R,3S)-2-[tert-butoxycarbonyl-
(methyl)-amino]-3-hydroxy-butanoic acid (0.086 g, 0.37
mmol) was mixed with p-TsOH (0.073, 0.39 mmol) and the
solid mixture was cooled to 0° C. Subsequently TFA (2.0 mL)
was added over 10 min and the reaction mixture was left to
react for 15 min at 0° C. The solution was rotary evaporated
maintaining the bath below 30° C. and the obtained oil was
left under vacuum for 1 h. The oil was then dissolved in dry
Et,O to form a white precipitate. The solution was decanted
and the solid washed several times with the same solvent to
give a pure product (0.11 g, quant.), as a white sticky solid. 'H
NMR (DMSO-dy) 8 1.25 (d, J=6.5 Hz, 3H), 2.29 (s, 3H), 2.60
(s, 3H),3.73-3.82 (m, 1H), 4.02-4.11 (m, 1H), 7.11 (d, J=8.1
Hz, 2H), 7.48 (d, J=8.1 Hz, 2H).

Step 4. Preparation of (2R,38)-3-hydroxy-2-[methyl-
(5-phenylpentoxycarbonyl)-amino|-butanoic acid

To a stirred mixture of [(1R,2S)-1-carboxy-2-hydroxy-
propyl]-methyl-ammonium toluene-4-sulfonate (0.1 g, 0.33
mmol) and NaHCO; (0.05 g, 0.65 mmol) in H,O (1.0 mL),
the isomeric mixture containing S-phenyl-pentyl-2-pyridyl-
carbonate and 5-phenyl-pentyl-2-oxopyridine 1-carboxylate
(0.14 g, 0.49 mmol) [prepared as for Example 37, step 1] in
THF (1.0 mL) was added. After 15 h at rt, the crude mixture
was rotary evaporated to remove the organics, diluted and
subsequently extracted with Et,O (3x5 mL). The aqueous
phase was acidified with 2.0 M HCI solution to pH 2-3 and
subsequently extracted with EtOAc (3x10 mL). The organic
fraction was dried over Na,SO,, filtered and concentrated to
dryness to afford the title compound (0.05 g, 45%), as a
mixture of two rotamers (1.5:1 ratio), as a colorless sticky oil.
'HNMR (DMSO-dy) 8 1.07 (d, J=6.3 Hz, 6H), 1.27-1.40 (m,
4H), 1.51-1.66 (m, 8H), 2.53-2.60 (m, 4H), 2.90 (s, 3H, minor
rotamer), 2.91 (s, 3H, major rotamer), 3.92-4.02 (m, 4H),
4.16-4.27 (m, 2H), 4.32 (d, J=5.8 Hz, 1H, minor rotamer),
4.47 (d, J=5.4 Hz, 1H, major rotamer), 7.13-7.31 (m, 10H).

Step 5. Preparation of 5-phenylpentyl-N-methyl-N-
[(2S,3R)-2-methyl-4-ox0-0oxetan-3-yl]-carbamate

To a stirred mixture of (2R,3S)-3-hydroxy-2-[methyl-(5-
phenylpentoxycarbonyl)-amino]-butanoic acid (0.04 g, 0.14
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mmol) in dry CH,Cl,(5.0 mL), under nitrogen atmosphere at
0° C., Et;N (0.06 mL, 0.41 mmol) and subsequently TBTU
(0.05 g, 0.17 mmol) were added. The mixture was left stirring
at 0° C. for 1 h and at rt for 15 h. Upon full conversion of the
starting material, the organics were removed under reduced
pressure, and the resulting crude product absorbed over silica
gel and purified by column chromatography, eluting with
Cy:EtOAc (from 100:0 to 0:100) to afford the title compound
(0.01 g, 23%), as a mixture of two rotamers (1:1.5 ratio), as a
colorless oil. [a]*®’, -16.66 (¢ 0.1, CHCL,). 'H NMR
(DMSO-dy) d 1.29-1.41 (m, 10H), 1.53-1.69 (m, 8H), 2.58 (t,
J=7.6Hz, 4H), 2.93 (s, 6H),3.98-4.11 (m, 4H), 4.77-4.89 (m,
2H), 5.24-5.33 (m, 1H, major rotamer), 5.35-5.43 (m, 1H,
minor rotamer), 7.13-7.32 (m, 10H).

Example 42

(4-Cyclohexylphenyl)-methyl-N-[(2S,3R)-2-methyl-
4-oxo0-oxetan-3-yl]-carbamate

Step 1. Preparation of
(4-cyclohexylphenyl)-methanol

Under nitrogen atmosphere, at 0° C., to a stirring mixture
of LiAlH, (2.0 M THF solution, 5.3 mL, 10.53 mmol) in dry
Et,O (10 mL), commercially available 4-cyclohexylbenzoic
acid (0.5 g, 2.45 mmol) in dry Et,O (5.0 mL) was added
dropwise. The mixture was left to react at rt for 4 h, then at 0°
C. H,0 (0.45mL), 3.0 M KOH solution (0.45 mL) and H,O
(2.0 mL) were very slowly added. The mixture was stirred for
1 h at 0° C., filtered to remove the solid residue, and the
organic phase dried over Na,SO,. The organic solution was
again filtered and concentrated to dryness affording the title
compound (0.46 g, quant.), which was used in the next step
without any further purification. "H NMR (CDCL,): & 8.05-
7.94 (m, 2H), 7.35-7.23 (m, 2H), 4.39 (q, 2H, J=7.12 Hz),
2.59 (tt, 1H J=11.41, 3.27 Hz), 1.97-1.73 (m, SH), 1.53-1.34
(m, 6H).

Step 2. Preparation of (4-cyclohexylphenyl)-methyl-
2-pyridyl carbonate and (4-cyclohexylphenyl)-me-
thyl-2-oxopyridine-1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of (4-cy-
clohexylphenyl)-methanol (0.3 g, 1.58 mmol) in dry CH,Cl,
(2 mL), DMAP (0.019 g, 0.16 mmol) and di-2-pyridyl-car-
bonate (0.411 g, 1.90 mmol) were added. The reaction mix-
ture was left to react at rt for 15 h, then diluted with CH,Cl,
and washed first with a saturated NH,Cl solution (3.0 mL)
and subsequently with a saturated NaHCO; solution (3x3
mL). The organic fraction was dried over Na,SO,, filtered
and concentrated to dryness to afford a colorless oil (0.464 g,
95%), as a mixture (ratio 1.8:1) of (4-cyclohexylphenyl)-
methyl-2-pyridyl carbonate and (4-cyclohexylphenyl)-me-
thyl-2-oxopyridine-1-carboxylate. The mixture of isomers
was not separated and used in the next step without any
further purification. MS (ESI) m/z: 350 [M-K]*.

Step 3. Preparation of (2R,35)-2-[(4-cyclohexylphe-
nyl)-methoxy-carbonylamino]-3-hydroxy-butanoic
acid

To a stirred mixture of D-threonine (0.119 g, 1.0 mmol) and
NaHCO; (0.125 g, 1.49 mmol) in H,O (3.0 mL), the crude
mixture containing (4-cyclohexylphenyl)-methyl-2-pyridyl
carbonate and (4-cyclohexylphenyl)-methyl-2-oxopyridine-
1-carboxylate (0.464 g, 1.49 mmol) in THF (3.0 mL) was
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added. After 15 h at rt, the crude mixture was rotary evapo-
rated to remove the organics and subsequently extracted with
Et,0 (3x5 mL). The aqueous phase was acidified with 2.0 M
HCI solution to pH 2-3 and subsequently extracted with
EtOAc (3x10 mL). The organic fraction was dried over
Na,SO,, filtered and concentrated to dryness to afford the
title compound (0.32 g, 96%) as transparent oil, which was
used in the next step without further purification. MS (ESI)
m/z: 353 [M-NH,|*; (ESI) m/z: 334 [M-H]". '"H NMR
(DMSO-dy): 8 1.08 (d, I=6.4 Hz, 3H), 1.07-1.55 (m, 6H),
1.63-1.86 (m, 5H), 3.94 (dq, J=3.6, 9.0 Hz, 1H), 4.07 (dd,
J=3.6, 6.4 Hz, 1H), 5.00 (s, 2H), 6.88 (d, J=9.0 Hz, 1H), 7.20
(d, J=7.9 Hz, 2H), 7.27 (d, I=7.95 Hz, 2H), 12.54 (s, 1H).

Step 4. Preparation of (4-cyclohexylphenyl)-methyl-
N-[(2S,3R)-2-methyl-4-0x0-0xetan-3-yl]|-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(2R,38)-2-[(4-cyclohexylphenyl)-methoxycarbonylamino]-
3-hydroxy-butanoic acid (0.32 g, 0.95 mmol) in dry CH,Cl,
(30 mL), Et;N (0.397 mL, 2.85 mmol) and subsequently
TBTU (0.366 g, 1.14 mmol) were added. The mixture was left
stirring 1 hat 0° C. and 15 h at rt. Upon full conversion of the
starting material, the organics were removed under reduced
pressure, and the resulting crude product absorbed over silica
gel and purified by column chromatography using a Teledyne
ISCO apparatus, eluting with Cy:EtOAc (from 100:0 to
70:30) to afford the title compound (0.06 g, 20%), as white
solid. MS (ESI) m/z: 316 [M-H]*, 335 [M-NH,]*. '"H NMR
(DMSO-dy): 8 1.34 (d, I=6.3 Hz, 3H), 1.07-1.55 (m, 6H),
1.63-1.86 (m, SH), 4.86 (dq, J=6.1, 6.3 Hz, 1H), 5.00 (d,
J=12.2 Hz, 1H), 5.05 (d, J=12.2 Hz, 1H), 5.44 (dd, J=6.1,9.4
Hz, 1H), 7.22 (d, J=8.2 Hz, 2H), 7.27 (d, J=8.2 Hz, 2H), 8.31
(d, J=9.4 Hz, 1H).

Example 43

1,3-Benzodioxol-5-yl-methyl-N-[(2S,3R)-2-methyl-
4-oxo-oxetan-3-yl]-carbamate

Step 1. Preparation of 1,3-benzodioxol-5-yl-methyl-
2-pyridyl carbonate and 1,3-benzodioxol-5-yl-me-
thyl-2-oxopyridine-1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of 1,3-
benzodioxol-5-yl-methanol (0.3 g, 1.97 mmol) indry CH,Cl,
(2.0 mL), DMAP (0.024 g, 0.20 mmol) and di-2-pyridyl-
carbonate (0.51 g, 2.36 mmol) were added. The reaction
mixture was left to react at rt for 15 h, then diluted with
CH,Cl, and washed first with a saturated NH,,Cl solution (3.0
ml) and subsequently with a saturated NaHCO; solution
(3x3 mL). The organic fraction was dried over Na,SO,, fil-
tered and concentrated to dryness to afford a colorless oil
(0.506 g, 94%), as a mixture (ratio 1.8:1) of 1,3-benzodioxol-
5-yl-methyl-2-pyridyl carbonate and 1,3-benzodioxol-5-yl-
methyl-2-oxopyridine-1-carboxylate. The mixture of iso-
mers was not separated and used in the next step without any
further purification. MS (ESI) m/z: 312 [M-K]*.

Step 2. Preparation of (2R,35)-2-(1,3-benzodioxol-5-
yl-methoxycarbonylamino)-3-hydroxy-butanoic acid

To a stirred mixture of D-threonine (0.146 g, 1.23 mmol)
and NaHCO; (0.155 g, 1.85 mmol) in H,O (3.0 mL), the
crude mixture containing 1,3-benzodioxol-5-yl-methyl-2-
pyridyl carbonate and 1,3-benzodioxol-5-yl-methyl-2-ox-
opyridine-1-carboxylate (0.506 g, 1.85 mmol) in THF (3.0
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ml.) was added. After 15 h at rt, the crude mixture was rotary
evaporated to remove the organics and subsequently
extracted with Et,O (3x5 mL). The aqueous phase was acidi-
fied with 2.0 M HCI solution to pH 2-3 and subsequently
extracted with EtOAc (3x10 mL). The organic fraction was
dried over Na,SO,, filtered and concentrated to dryness to
afford the title compound (0.337 g, 92%) as transparent oil,
which was used in the next step without further purification.
MS (ESI) m/z: 315 [M-NH,]*; (ESI) m/z: 296 [M-H]~. '"H
NMR (DMSO-d,): 8 1.09 (d, J=6.4 Hz, 3H), 3.95 (dd, J=3.5,
9.0 Hz, 1H), 3.99-4.08 (dq, J=3.5, 6.4 Hz, 1H), 6.01 (s, 2H),
4.95 (s, 2H), 6.78-7.00 (m, 3H).

Step 3. Preparation of 1,3-benzodioxol-5-yl-methyl-
N-[(2S,3R)-2-methyl-4-0x0-0oxetan-3-yl]|-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(2R,38)-2-(1,3-benzodioxol-5-yl-methoxycarbonylamino)-
3-hydroxy-butanoic acid (0.337 g, 1.13 mmol) in dry CH,Cl,
(30 mL), Et;N (0.473 mL, 3.39 mmol) and subsequently
TBTU (0.436 g, 1.36 mmol) were added. The mixture was left
stirring 1 hat 0° C. and 15 h at rt. Upon full conversion of the
starting material, the organics were removed under reduced
pressure, and the resulting crude product absorbed over silica
gel and purified by column chromatography using a Teledyne
ISCO apparatus, eluting with Cy:EtOAc (from 100:0 to
70:30) to afford the title compound (0.132 g, 42%), as white
solid. MS (ESI) m/z: 318 [M-K]*. "H NMR (DMSO-d): 8
1.33 (d, I=6.3 Hz, 3H), 4.84 (dq, J=6.1, 6.3 Hz, 1H), 4.94 (d,
J=12.0 Hz, 1H), 4.99 (d, ]=12.0 Hz, 1H), 5.44 (dd, J=6.1,9.4
Hz, 1H), 6.01 (s, 2H), 6.79-6.98 (m, 3H), 8.30 (d, J=9.4 Hz,
1H).

Example 44

[4-[4-(Trifluoromethyl)-phenyl]-phenyl]-methyl-N-
[(2S,3R)-2-methyl-4-ox0-0oxetan-3-yl]-carbamate

Step 1. Preparation of
[4-[4-(trifluoromethyl)-phenyl]-phenyl]-methanol

Under nitrogen atmosphere, at 0° C., to a stirring mixture
of LiAlH, (2.0 M THF solution, 3.0 mL, 6.00 mmol) in dry
THF (10 mL), commercially available 4-[4-(trifluorom-
ethyl)-phenyl]-benzoic acid (0.4 g, 1.5 mmol) in dry THF (10
ml.) was added dropwise. The mixture was left to react at rt
for 4 h, then at 0° C. H,O (0.23 mL), 3.0 M KOH solution
(0.23 mL) and H,O (0.77 mL)) were very slowly added. The
mixture was stirred for 1 h at 0° C., filtered to remove the solid
residue, and the organic phase dried over Na,SO,. The
organic solution was again filtered, concentrated to dryness
and the resulting crude product purified by column chroma-
tography using a Teledyne ISCO apparatus, eluting with
Cy:EtOAc (from 100:0 to 70:30) to afford the title compound
(0.3 g, 79%), as white solid. "H NMR (DMSO-d,): d 4.56 (d,
J=5.7Hz, 2H), 5.25 (t,J=5.7 Hz, 1H), 7.45 (d, I=8.1 Hz, 2H),
7.70 (d, J=8.1 Hz, 2H), 7.81 (d, J=8.1 Hz, 2H), 7.89 (d, J=8.1
Hz, 2H).

Step 2. Preparation of 2-pyridyl-[4-[4-(trifluorom-
ethyl)-phenyl]|-phenyl|-methyl carbonate and [4-[4-
(trifluvoromethyl)-phenyl]-phenyl]-methyl-2-oxopyri-
dine-1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of [4-[4-
(trifluoromethyl)-phenyl]-phenyl]-methanol (0.3 g, 1.19
mmol) in dry CH,Cl, (2.0 mL), DMAP (0.015 g, 0.12 mmol)
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and di-2-pyridyl-carbonate (0.309 g, 1.43 mmol) were added.
The reaction mixture was left to react at rt for 15 h, then
diluted with CH,Cl, and washed first with a saturated NH,Cl
solution (3.0 mL) and subsequently with a saturated NaHCO,
solution (3x3 mL). The organic fraction was dried over
Na,SO,, filtered and concentrated to dryness to afford a col-
orless 0il (0.3 g, 68%), as a mixture (ratio 1.8:1) of 2-pyridyl-
[4-[4-(trifluoromethyl)-phenyl]-phenyl]-methyl  carbonate
and  [4-[4-(trifluoromethyl)-phenyl]-phenyl]-methyl-2-o0x-
opyridine-1-carboxylate. The mixture of isomers was not
separated and used in the next step without any further puri-
fication. MS (ESI) m/z: 396 [M-Na]*, 412 [M-K]".

Step 3. Preparation of (2R,3S)-3-hydroxy-2-[[4-[4-
(trifluoromethyl)-phenyl]-phenyl |-methoxycarbony-
lamino]-butanoic acid

To a stirred mixture of D-threonine (0.063 g, 0.53 mmol)
and NaHCO; (0.067 g, 0.8 mmol) in H,O (3.0 mL), the crude
mixture containing 2-pyridyl-[4-[4-(trifluoromethyl)-phe-
nyl]-phenyl]-methyl carbonate and [4-[4-(trifluoromethyl)-
phenyl]-phenyl]-methyl-2-oxopyridine-1-carboxylate (0.3 g,
0.8 mmol) in THF (3.0 mL) was added. After 15 h at rt, the
crude mixture was rotary evaporated to remove the organics
and subsequently extracted with Et,O (3x5 mL). The aqueous
phase was acidified with 2.0 M HCI solution to pH 2-3 and
subsequently extracted with EtOAc (3x10 mL). The organic
fraction was dried over Na,SO,, filtered and concentrated to
dryness to afford the title compound as transparent 0il (0.21 g,
quant.), which was used in the next step without further
purification. MS (ESI) m/z: 415 [M-NH,]"; (ESI) m/z: 396
[M-H]~. 'HNMR (DMSO-d): 8 1.11 (d,1=6.4 Hz, 3H), 3.97
(dd, J=3.5, 8.9 Hz, 1H), 4.05-4.12 (dq, J=3.5, 6.4 Hz, 1H),
5.13 (s, 2H), 7.00 (d, I=8.9 Hz, 1H), 7.51 (d, J=8.1 Hz, 2H),
7.75 (d, J=8.1 Hz, 2H), 7.82 (d, I=8.1 Hz, 2H), 7.91 (d, J=8.1
Hz, 2H), 12.59 (s, 1H).

Step 4. Preparation of [4-[4-(trifluoromethyl)-phe-
nyl]-phenyl]-methyl-N-[(2S,3R)-2-methyl-4-0xo0-
oxetan-3-yl]-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(2R,38)-3-hydroxy-2-[[4-[4-(trifluoromethyl)-phenyl]-phe-
nyl]-methoxycarbonylamino]-butanoic acid (0.210 g, 0.53
mmol) in dry CH,Cl, (30 mL), Et;N (0.222 m[,, 1.59 mmol)
and subsequently TBTU (0.205 g, 0.64 mmol) were added.
The mixture was left stirring 1 h at 0° C. and 15 h at rt. Upon
full conversion of the starting material, the organics were
removed under reduced pressure, and the resulting crude
product absorbed over silica gel and purified by column chro-
matography using a Teledyne ISCO apparatus, eluting with
Cy:EtOAc (from 100:0 to 70:30) to afford the title compound
(0.04 g, 20%), as white solid. MS (ESI) m/z: 397 [M-NH,]*,
418 [M-K]*. "HNMR (DMSO-d): 8 1.36 (d, J=6.3 Hz, 3H),
4.87 (dq, J=6.1, 6.3 Hz, 1H), 5.13 (d, J=7.5 Hz, 1H), 5.18 (d,
J=7.5Hz, 1H), 5.47 (dd,J=6.1,9.4Hz, 1H),7.51 (d,J=8.1 Hz,
2H), 7.77 (d, J=8.1 Hz, 2H), 7.82 (d, J=8.1 Hz, 2H), 7.91 (d,
J=8.1 Hz, 2H), 8.41 (d, J=9.4 Hz, 1H).

Example 45

[4-(3-Thienyl)-phenyl]-methyl-N-[(2S,3R)-2-me-
thyl-4-oxo0-oxetan-3-yl]-carbamate

Step 1. Preparation of
[4-(3-thienyl)-phenyl]-methanol

Under nitrogen atmosphere, at 0° C., to a stirring mixture
of LiAlH, (2.0 M THF solution, 3.92 mI,, 7.84 mmol) in dry
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THF (6.0 mL), commercially available 4-(3-thienyl)-benzoic
acid (0.4 g, 1.96 mmol) in dry THF (30 mL) was added
dropwise. The mixture was left to react at rt for 4 h, then at 0°
C. H,0 (0.30 mL), 3.0 M KOH solution (0.30 m[.) and H,O
(1.0 mL) were very slowly added. The mixture was stirred for
1 h at 0° C., filtered to remove the solid residue, and the
organic phase dried over Na,SO,. The organic solution was
again filtered and concentrated to dryness, affording the title
compound (0.222 g, 65%), which was used in the next step
without any further purification. 'H NMR (DMSO-d,): § 4.51
(d,J=5.75Hz,2H),5.17 (t,J=5.75Hz, 1H), 7.35 (d,J=8.1 Hz,
2H), 7.52-7.57 (m, 1H), 7.63 (dd, J=2.9, 5.0 Hz, 1H), 7.67 (d,
J=8.1 Hz, 2H), 7.81-7.86 (m, 1H).

Step 2. Preparation of
2-pyridyl-[4-(3-thienyl)-phenyl]-methyl carbonate

Under nitrogen atmosphere, to a stirred mixture of [4-(3-
thienyl)-phenyl]-methanol (0.22 g, 1.16 mmol) in dry
CH,CI, (2.0 mL), DMAP (0.015 g, 0.12 mmol) and di-2-
pyridyl-carbonate (0.3 g, 1.39 mmol) were added. The reac-
tion mixture was left to react at rt for 15 h, then diluted with
CH,Cl, and washed first with a saturated NH,Cl solution (3.0
mL) and subsequently with a saturated NaHCO; solution
(3x3 mL). The organic fraction was dried over Na,SO,, fil-
tered and concentrated to dryness to afford a white solid
(0.263 g, 73%), as a mixture (ratio 1.8:1) of 2-pyridyl-[4-(3-
thienyl)-phenyl]-methyl carbonate and [4-(3-thienyl)-phe-
nyl]-methyl-2-oxopyridine-1-carboxylate. The mixture of
isomers was not separated and used in the next step without
any further purification. MS (ESI) m/z: 334 [M-Na]*, 350
[M-KT*.

Step 3. Preparation of (2R,3S)-3-hydroxy-2-[[4-(3-
thienyl)-phenyl]-methoxy-carbonylamino]-butanoic
acid

To a stirred mixture of D-threonine (0.067 g, 0.56 mmol)
and NaHCO; (0.07 g, 0.84 mmol) in H,O (3.0 mL), the crude
mixture containing 2-pyridyl-[4-(3-thienyl)-phenyl]-methyl
carbonate and [4-(3-thienyl)-phenyl]-methyl-2-oxopyridine-
1-carboxylate (0.263 g, 0.84 mmol) in THF (3.0 mL) was
added. After 15 h at rt, the crude mixture was rotary evapo-
rated to remove the organics and subsequently extracted with
Et,O (3x5 mL). The aqueous phase was acidified with 2.0 M
HCI solution to pH 2-3 and subsequently extracted with
EtOAc (3x10 mL). The organic fraction was dried over
Na,SO,, filtered and concentrated to dryness to afford the
title compound (0.188 g, quant.) as white solid, which was
used in the next step without further purification. MS (ESI)
m/z: 353 [M-NH,]*. "H NMR (DMSO-d,) 8: 1.10 (d, ]=6.4
Hz,3H),3.97 (dd, J=3.5, 8.9 Hz, 1H), 4.08 (dq, J=3.5, 6.4 Hz,
1H), 5.07 (s, 2H), 6.96 (d, J=8.9 Hz, 1H), 7.41 (d, J=8.1 Hz,
2H), 7.53-7.60 (m, 1H), 7.64 (dd, J=2.9, 5.0 Hz, 1H), 7.72 (d,
J=8.1 Hz, 2H), 7.86-7.91 (m, 1H), 12.58 (s, 1H).

Step 4. Preparation of [4-(3-thienyl)-phenyl]|-methyl-
N-[(2S,3R)-2-methyl-4-0x0-0oxetan-3-yl]|-carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(2R,38)-3-hydroxy-2-[[4-(3-thienyl)-phenyl]-methoxy-car-
bonylamino]-butanoic acid (0.188 g, 0.56 mmol) in dry
CH,C1, (30 mL), Et;N (0.234 mL, 1.68 mmol) and subse-
quently TBTU (0.215 g, 0.67 mmol) were added. The mixture
was left stirring 1 h at 0° C. and 15 h at rt. Upon full conver-
sion of the starting material, the organics were removed under
reduced pressure, and the resulting crude product absorbed
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over silica gel and purified by column chromatography using
a Teledyne ISCO apparatus, eluting with Cy:EtOAc (from
100:0 to 70:30) to afford the title compound (0.048 g, 27%),
as white solid. MS (ESI) m/z: 335 [M-NH,]*, 356 [M-K]".
'H NMR (DMSO-d,) 8: 1.35 (d, J=6.3 Hz, 3H), 4.87 (dq,
J=6.1,6.3Hz, 1H),5.07 (d,]=12.45Hz, 1H),5.12 (d,J=12.45
Hz, 1H), 5.46 (dd, J=6.1, 9.5 Hz, 1H), 7.40 (d, J=8.1 Hz, 2H),
7.55-7.60 (m, 1H), 7.64 (dd,J=2.9,5.1 Hz, 1H),7.73 (d,J=8.1
Hz, 2H), 7.86-7.91 (m, 1H), 8.38 (d, J=9.5 Hz, 1H).

Example 46

[4-(Cyclohexoxy)-phenyl]-methyl-N-[(2S,3R)-2-
methyl-4-0x0-oxetan-3-yl]-carbamate

Step 1. Preparation of ethyl
4-(cyclohexoxy)-benzoate

Ethyl 4-hydroxybenzoate (1.0 g, 6.02 mmol) and cyclo-
hexene (6.0 mL.) were mixed together and boron trifluoride
diethyl etherate (0.38 mL, 3.01 mmol) was then added. The
mixture was heated under reflux for 2 h and then cooled to rt.
EtOAc (20 mL) was added and the solution washed with 5%
NaOH solution (3x40 mL) and with H,O (50 mL). The
organic layer was dried over Na,SO, and the solvent was
evaporated. The crude product was absorbed over silica gel
and purified by column chromatography using a Teledyne
ISCO apparatus, eluting with Cy:EtOAc (from 100:0 to
90:10) to afford the title compound (1.17 g, 78%), as white
solid. MS (ESI) m/z: 249 [M-H]*; "H NMR (DMSO-dy): 8
1.29 (t, J=7.1 Hz, 3H), 1.33-1.49 (m, 5H), 1.50-1.59 (m, 1H),
1.63-1.79 (m, 2H), 1.89-1.98 (m, 2H), 4.26 (q, J=7.1 Hz, 2H),
4.41-4.49 (m, 1H), 7.02 (d, J=8.8 Hz, 2H), 7.87 (d, J=8.8 Hz,
2H).

Step 2. Preparation of
[4-(cyclohexoxy)-phenyl]-methanol

Under nitrogen atmosphere, at 0° C., to a stirring mixture
of LiAlH, (2.0 M THF solution, 9.42 mL, 18.84 mmol) in dry
THF (6.0 mL), 4-(cyclohexoxy)-benzoate (1.17 g, 4.71
mmol) indry THF (30 mL) was added dropwise. The mixture
was left to react at rt for 4 h, then at 0° C. H,O (0.70 mL.), 3.0
M KOH solution (0.70 mL) and H,O (1.6 mL) were very
slowly added. The mixture was stirred for 1 hat 0° C., filtered
to remove the solid residue, and the organic phase dried over
Na,SO,. The organic solution was again filtered and concen-
trated to dryness, affording the title compound (0.57 g, 59%),
which was used in the next step without any further purifica-
tion. 'H NMR (DMSO-dy): § 1.21-1.47 (m, 5H), 1.49-1.57
(m, 1H), 1.64-1.77 (m, 2H), 1.87-1.95 (m, 2H), 4.25-4.33 (m,
1H), 4.40 (d, J=5.7 Hz, 2H), 5.00 (t, J=5.7 Hz, 1H), 6.87 (d,
J=8.5 Hz, 2H), 7.19 (d, J=8.5 Hz, 2H).

Step 3. Preparation of (4-cyclohexylphenyl)-methyl-
2-pyridyl carbonate and [4-(cyclohexoxy)-phenyl]-
methyl-2-oxopyridine-1-carboxylate

Under nitrogen atmosphere, to a stirred mixture of [4-
(cyclohexoxy)-phenyl]-methanol (0.571 g, 2.77 mmol) indry
CH,CI, (4.0 mL), DMAP (0.034 g, 0.28 mmol) and di-2-
pyridyl-carbonate (0.717 g, 3.32 mmol) were added. The
reaction mixture was left to react at r.t. for 15 h, then diluted
with CH,Cl, and washed first with a saturated NH,Cl solu-
tion (3.0 mL) and subsequently with a saturated NaHCO,
solution (3x3 mL). The organic fraction was dried over
Na,SO,, filtered and concentrated to dryness to afford a col-
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orless 0il (0.779 g, 86%), as a mixture (ratio 1.8:1) of (4-cy-
clohexylphenyl)-methyl-2-pyridyl carbonate and (4-cyclo-
hexylphenyl)-methyl-2-oxopyridine-1-carboxylate. The
mixture of isomers was not separated and used in the next step
without any further purification. MS (ESI) m/z: 366 [M-K]*.

Step 4. Preparation of (2R,38)-2-[[4-(cyclohexoxy)-
phenyl]-methoxy-carbonylamino]-3-hydroxy-bu-
tanoic acid

To a stirred mixture of D-threonine (0.08 g, 0.67 mmol) and
NaHCO; (0.084 g, 1.0 mmol) in H,O (3.0 mL), the crude
mixture containing (4-cyclohexylphenyl)-methyl-2-pyridyl
carbonate and [4-(cyclohexoxy)-phenyl]-methyl-2-oxopyri-
dine-1-carboxylate (0.327 g, 1.0 mmol) in THF (3.0 mL.) was
added. After 15 h at r.t., the crude mixture was rotary evapo-
rated to remove the organics and subsequently extracted with
Et,O (3x5 mL). The aqueous phase was acidified with 2.0 M
HCI solution to pH 2-3 and subsequently extracted with
EtOAc (3x10 mL). The organic fraction was dried over
Na,SO,, filtered and concentrated to dryness to afford the
title compound (0.214 g, 91%) as transparent oil, which was
used in the next step without further purification. MS (ESI)
m/z: 369 [M-NH,]*; (ESD) m/z: 350 [M-H]~. 'H NMR
(DMSO-dy): 8 1.08 (d, I=6.3 Hz, 3H), 1.21-1.48 (m, 5H),
1.48-1.57 (m, 1H), 1.66-1.74 (m, 2H), 1.87-1.95 (m, 2H),
3.95 (dd, J=3.4, 9.0 Hz, 1H), 4.06 (dq, J=3.4, 6.3 Hz, 1H),
4.29-436 (m, 1H), 6.84 (d, J=9.0 Hz, 1H), 6.91 (d, J=8.3 Hz,
2H), 7.27 (d, J=8.3 Hz, 2H).

Step 5. Preparation of [4-(cyclohexoxy)-phenyl]-
methyl-N-[(2S,3R)-2-methyl-4-0x0-0oxetan-3-yl]-
carbamate

Under nitrogen atmosphere at 0° C., to a stirred mixture of
(2R,38)-2-[[4-(cyclohexoxy)-phenyl]-methoxy-carbony-
lamino]-3-hydroxy-butanoic acid (0.214 g, 0.61 mmol) indry
CH,C1, (30 mL), Et;N (0.255 mL, 1.83 mmol) and subse-
quently TBTU (0.234 g, 0.73 mmol) were added. The mixture
was left stirring 1 h at 0° C. and 15 h at r.t. Upon full conver-
sion of the starting material, the organics were removed under
reduced pressure, and the resulting crude product absorbed
over silica gel and purified by column chromatography using
a Teledyne ISCO apparatus, eluting with Cy:EtOAc (from
100:0 to 70:30) to afford the title compound (0.085 g, 42%),
as white solid. MS (ESI) m/z: 372 [M-K]", 351 [M-NH,]".
'HNMR (DMSO-d,): 8 1.33 (d, J=6.5 Hz,3H), 1.36-1.47 (m,
5H), 1.49-1.62 (m, 1H), 1.66-1.74 (m, 2H), 1.87-1.95 (m,
2H), 4.28-4.37 (m, 1H), 4.85 (dq, J=6.3, 6.5 Hz, 1H), 4.96 (d,
J=11.9 Hz, 1H), 5.01 (d, J=11.9 Hz, 1H), 5.44 (dd, J=6.3,9.5
Hz, 1H), 6.92 (d, J=8.4 Hz, 2H), 7.27 (d, J=8.4 Hz, 2H), 8.28
(d, J=9.5 Hz, 1H).

Example 47

5-Phenylpentyl-N-[(2R* ;3R *)-2-ethyl-4-ox0-oxetan-
3-yl]-carbamate

Step 1. Preparation of ethyl
2-(dibenzylamino)-acetate

To a stirred solution of ethyl chloroacetate (1.0 g, 8.16
mmol) in EtOH (5.0 mL), dibenzylamine (2.09 g, 10.6 mmol)
was added and the mixture heated at 140° C. in a microwave
reactor for 20 min. After evaporation of the solvent, the crude
was dissolved in CH,Cl, and washed with a 1.0 M KOH
solution and brine, then dried over Na,SO,, filtered, and
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concentrated in vacuo to give a crude product, as an oil.
Purification by column chromatography using a Teledyne
ISCO apparatus, eluting with Cy:EtOAc (98:2), gave the title
compound (1.85 g, 80%), as a white solid. MS (ESI) m/z: 284
[M-H]*['"H NMR as previously reported in literature: Syzn-
thesis, 1985, 9, 850-855].

Step 2. Preparation of ethyl
(25%)-2-(dibenzylamino)-3-oxo-pentanoate

In a round bottomed flask, at —=78° C., under argon atmo-
sphere, a solution of DIPA (0.3 mL., 2.12 mmol) in dry THF
(10 ml) was treated with n-Buli (2.5 M in n-hexane, 0.776
ml, 1.94 mmol). After 30 min a solution of ethyl 2-(diben-
zylamino)-acetate (0.5 g, 1.77 mmol) in dry THF (10 ml) was
added dropwise via a cannula. After 15 min, propanoyl chlo-
ride (0.46 mL, 5.29 mmol) was added dropwise at —78° C. and
the mixture stirred for 10 min at rt. The reaction was then
quenched with H,O, and Et,O was subsequently added. The
organic layer was washed with brine, dried over Na,SO,,
filtered, and concentrated in vacuo to give a crude product, as
an oil. Purification by column chromatography using a Tele-
dyne ISCO apparatus, eluting with Cy:AcOEt (98:2) gave a
pure compound (0.6 g), as a mixture of two tautomers (ke-
tone:enol=ca. 85:15), as a colorless oil. MS (ESI) m/z: 340
[M-H]*; (ESD) m/z: 338 [M-H]". '"H NMR (DMSO-d,) &
0.90(t,J=7.24 Hz, 3H), 1.23 (t, J=7.07 Hz, 3H), 2.53-2.61 (m,
1H), 2.69 (dq, J=7.23, 18.13 Hz, 1H), 3.72-3.88 (m, 4H),
4.12-4.22 (m, 3H), 7.11-7.47 (m, 10H) (reported data refer to
the major ketone tautomer).

Step 3. Preparation of ethyl (25*)-2-(tert-butoxy-
carbonylamino)-3-oxo-pentanoate

In a pear flask, at rt, to a solution of ethyl (25*)-2-(diben-
zylamino)-3-oxo-pentanoate (1.3 g, 3.83 mmol) in EtOH (90
ml), di-tert-butyl dicarbonate (1.67 g, 7.66 mmol) was added.
The mixture was passed through the HCube® hydrogenator
flow reactor, using 10% Pd(OH),/C as catalyst [flow:1.0
ml./min, P=1.0 bar, T=70° C.]. After evaporation of the sol-
vent, the crude product was purified by column chromatog-
raphy using a Teledyne ISCO apparatus, eluting with Cy: A-
cOEt (from 90:10 to 50:50) to afford the title product (0.546
g, 55% over 2 steps), as a colorless oil. MS (ESI) m/z: 282
[M-Na]*; (ESI) m/z: 258 [M-H]". 'H NMR (DMSO-d) &
0.93 (1, I=7.20 Hz, 3H), 1.20 (t, J=7.09 Hz, 3H), 1.39 (s, 9H),
2.60 (qd, J=2.16, 7.10 Hz, 2H), 4.07-4.22 (m, 2H), 4.91 (d,
J=8.00 Hz, 1H), 7.51 (d, J=7.94 Hz, 1H).

Step 4. Preparation of ethyl (2R*,3R*) and (2R*,
3S8*)-2-(tert-butoxy-carbonylamino)-3-hydroxy-pen-
tanoate

In a round bottomed flask, at 0° C., under nitrogen atmo-
sphere, to a stirred solution of ethyl (25*)-2-(tert-butoxy-
carbonylamino)-3-oxo-pentanoate (0.39 g, 1.5 mmol)inal:1
mixture of THF/EtOH (5.0 mL), NaBH,, (0.022 g, 0.58 mmol)
was added. The reaction was allowed to warm to rt over a
period of 1 h, then quenched with H,O and the solvent evapo-
rated. The crude mixture was dissolved in AcOFEt, washed
with brine, dried over Na,SO,, filtered, and concentrated in
vacuo. Chromatographic purification using a Teledyne ISCO
apparatus, eluting with Cy:AcOEt (from 100:0 to 80:20),
afforded the title compound (0.2 g, 53%), as a mixture of
diastereoisomers (anti:syn=8:2), as a colorless oil. MS (ESI)
m/z: 284 [M-Na]*; (ESI) m/z: 320 [M-CH,COO]". '"HNMR
(DMSO-dy) 8 0.87 (t,J=7.37Hz,3H), 1.19 (t,J=7.07 Hz, 3H),
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1.39 (s, 9H), 1.41-1.59 (m, 2H), 3.50-3.60 (m, 1H), 3.93 (dd,
J=6.13,8.52 Hz, 1H), 3.99-4.17 (m, 2H), 4.87 (d, J=5.57 Hz,
1H), 6.96 (d, J=8.51 Hz, 1H) (reported data refer to the major
anti diastereoisomer).

Step 5. Preparation of (2R*,3R*) and
(2R* 3S5%*)-2-amino-3-hydroxy-pentanoic acid

In a 35 ml microwave vial, the diastereomeric mixture
containing ethyl (2R* 3R*) and (2R* j3S%*)-2-(tert-butoxy-
carbonylamino)-3-hydroxy-pentanoate (0.2 g, 0.81 mmol)
was dissolved in a 6.0 M HCl solution (15 mL) and stirred at
130° C. for 30 min. The reaction mixture was concentrated
under reduced pressure giving a yellowish solid crude prod-
uct, as a diastereoisomeric mixture (anti:syn=8:2), which was
used without further purification in the following step. MS
(BSD) m/z: 134 [M-H]*; (BSI) m/z: 132 [M-H]". 'H NMR
(DMSO-dy) 8 0.92 (t, I=7.36 Hz, 3H), 1.42-1.64 (m, 2H),
3.80 (ddd, J=3.25, 5.80, 11.72 Hz, 1H), 3.86 (d, J=3.02 Hz,
1H),4.36 (s, 1H), 8.26 (s, 3H) (reported data refer to the major
anti diastereoisomer).

Step 6. Preparation of (2R*,3R*) and (2R*,35%*)-3-
hydroxy-2-(5-phenylpentoxy-carbonylamino)-pen-
tanoic acid

To a stirred diasterecomeric mixture containing (2R* ,3R*)
and (2R*,38*)-2-amino-3-hydroxy-pentanoic acid (0.107 g,
0.81 mmol) and NaHCO; (0.102 g, 1.21 mmol) in H,O (2.0
mL), at rt, the isomeric mixture containing 5-phenyl-pentyl-
2-pyridyl-carbonate and S5-phenyl-pentyl-2-oxopyridine-1-
carboxylate (0.346 g, 1.21 mmol) [prepared as for example
32, step 1] in THF (2.0 mL) was added. After 15 h at rt, the
crude mixture was rotary evaporated to remove the organics
and subsequently extracted with Et,O (3x10 mL). The aque-
ous phase was acidified with 2.0 M HCI solution to pH 2-3
and subsequently extracted with AcOEt (3x20 mL). The
organic fraction was dried over Na,SO,, filtered and concen-
trated to dryness to afford the title compound (0.155 g, 60%
over 2 steps), as a diastereoisomeric mixture (anti:syn=8:2),
as an off-white solid, which was used in the next step without
further purification. MS (ESI) nv/z: 324[M-H]*; (ESI) m/z:
322 [M-H]". 'HNMR (DMSO-d,) § 0.86 (t, J=7.41 Hz, 3H),
1.27-1.50 (m, 4H), 1.51-1.67 (m, 4H), 2.57 (t, J=7.69 Hz,
2H), 3.52-3.66 (m, 1H),3.93 (t, J=6.63 Hz, 3H), 4.83 (s, 1H),
7.10 (d, J=8.73 Hz, 1H), 7.13-7.22 (m, 3H), 7.22-7.30 (m,
2H), 12.35 (s, 1H) (reported data refer to the major anti
diastereoisomer).

Step 7. Preparation of 5-phenylpentyl-N-[(2R* ,3R*)-
2-ethyl-4-oxo-oxetan-3-yl]|-carbamate

Under nitrogen atmosphere, to a stirred mixture of (2R*,
3R*)-3-hydroxy-2-(5-phenylpentoxy-carbonylamino)-pen-
tanoic acid and (2R*,35%*)-3-hydroxy-2-(5-phenylpentoxy-
carbonylamino)-pentanoic acid (0.155 g, 0.48 mmol) in dry
CH,Cl,, (20.0 mL), at 0° C., Et;N (0.2 mL,, 1.44 mmol) and
subsequently TBTU (0.185 g, 0.58 mmol) were added. The
mixture was left stirring at 0° C. for 1 h and at rt for 15 h. The
organics were then removed under reduced pressure, and the
resulting crude product purified by column chromatography,
using a Teledyne ISCO apparatus, eluting with Cy:AcOEt
(from 100:0 to 80:20) to afford the title compound (0.075 g,
57%), as pure anti diastereoisomer, as white solid. MS (ESI)
m/z: 323 [M-NH,|*; (ESI) m/z: 304 [M-H]". '"H NMR
(DMSO-dy) 8 0.90 (t, I=7.41 Hz, 3H), 1.26-1.38 (m, 2H),
1.58 (p, J=7.71, 8.27 Hz, 4H), 1.67-1.90 (m, 2H), 2.57 (4,
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J=7.65Hz, 2H), 3.98 (t, ]=6.60 Hz, 2H), 4.51 (td, ]=4.28, 6.84
Hz, 1H), 4.69 (dd, J=4.32, 8.12 Hz, 1H), 7.09-7.32 (m, 5H),
8.06 (d, 1=8.09 Hz, 1H).

Example 48

(4-Phenylphenyl)-methyl-N-[(2R*,3R *)-2-ethyl-4-
oxo-oxetan-3-yl]-carbamate

Steps 1 to 5, as for Example 47.

Step 6. Preparation of (2R*,3R*) and (2R*,35%)-3-
hydroxy-2-[(4-phenylphenyl)-methoxy-carbony-
lamino]-pentanoic acid

To a stirred diastereomeric mixture containing (2R*,3R*)
and (2R*,38%*)-2-amino-3-hydroxy-pentanoic acid (0.108 g,
0.81 mmol) and NaHCO, (0.204 g, 2.43 mmol) in H,O (2.0
mL), at rt, the isomeric mixture containing (4-phenylphenyl)-
methyl-2-pyridyl carbonate and (4-phenylphenyl)-methyl-2-
oxopyridine-1-carboxylate (0.37 g, 1.22 mmol) [prepared as
for example 17, step 1] in THF (2.0 mL.) was added. After 15
h at rt, the crude mixture was rotary evaporated to remove the
organics and subsequently extracted with Et,O (3x10 mL).
The aqueous phase was acidified with 2.0 M HCl solution to
pH 2-3 and subsequently extracted with AcOEt (3x20 mL).
The organic fraction was dried over Na,SO,, filtered and
concentrated to dryness to afford the title compound (0.206 g,
74% over 2 steps), as a diastercoisomeric mixture (anti:
syn=38:2), as an off-white solid, which was used in the next
step without further purification. MS (ESI) m/z: 361
[M-NH,]*; (BST) m/z: 342 [M-H]". *H NMR (DMSO-d,) &
0.87 (t, J=7.38 Hz, 3H), 1.36-1.55 (m, 2H), 3.55-3.69 (m,
1H), 3.94-4.05 (m, 1H), 4.73-4.99 (m, 1H), 5.08 (s, 2H),
7.29-7.54 (m, 6H), 7.57-7.77 (m, 4H), 11.38-13.49 (m, 1H)
(reported data refer to the major anti diastereoisomer).

Step 7. Preparation of (4-phenylphenyl)-methyl-N-
[(2R*,3R*)-2-ethyl-4-0x0-0xetan-3-yl]|-carbamate

Under nitrogen atmosphere, to a stirred mixture of (2R*,
3R *)-3-hydroxy-2-[(4-phenylphenyl)-methoxycarbony-
lamino]-pentanoic acid and (2R*,3S*)-3-hydroxy-2-[(4-phe-
nylphenyl)-methoxycarbonylamino]-pentanoic acid (0.193
2,0.56 mmol) in dry CH,Cl, (25.0 mL), at 0° C., Et;N (0.235
ml, 1.69 mmol) and subsequently TBTU (0.217 g, 0.67
mmol) were added. The mixture was left stirring at 0° C. for
1 h and at rt for 15 h. The organics were then removed under
reduced pressure, and the resulting crude product purified by
column chromatography, using a Teledyne ISCO apparatus,
eluting with Cy/AcOEt (from 90:10 to 80:20) to afford the
pure title compound (0.089 g, 57%), as pure anti diastereoi-
somer, as white solid. MS (ESI) m/z: 343 [M-NH,]*; (ESI)
m/z: 324 [M-H]~. "HNMR (DMSO-dy) 8 0.92 (t, J=7.38 Hz,
3H), 1.68-1.94 (m, 2H), 4.49-4.60 (m, 1H), 4.76 (dd, J=4.32,
8.08 Hz, 1H), 5.12 (s, 2H), 7.33-7.42 (m, 1H), 7.42-7.53 (m,
4H), 7.62-7.76 (m, 4H), 8.25 (d, J=8.09 Hz, 1H).

Example 49

5-Phenylpentyl-N-[(2S*,3R *)-2-ethyl-4-0x0-oxetan-
3-yl]-carbamate

Step 1. Preparation of ethyl
(258* 3R*)-2-(dibenzylamino)-3-hydroxy-pentanoate

To a stirred solution of ethyl (25*)-2-(dibenzylamino)-3-
oxo-pentanoate [prepared as for example 47, step 1] (0.6 g,
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1.76 mmol) in EtOH (30 mL), at rt, a solution of NH,C1(1.89
g,35.29 mmol) in H,O (8.0 mL) was added. NaBH,, (0.667 g,
17.6 mmol) was then added in small portions. After 1 h from
the last addition, the reaction was quenched with H,O and the
solvent evaporated. The crude mixture was takenup with H,O
and CH,Cl, and pH corrected to 9 with 20% NH_,OH aqueous
solution. After extraction, the organic phase was dried over
Na,SO,, filtered, and concentrated in vacuo to give a crude
product, as an oil. Purification by column chromatography
using a Teledyne ISCO apparatus, eluting with Cy:AcOEt
(90:10), gave the title compound (0.33 g, 55% over 2 steps),
as a pure syn diastereoisomer, as a colorless oil. MS (ESI)
m/z: 342 [M-H[*. "HNMR (DMSO-d,) 8 0.75 (t, J=7.38 Hz,
3H), 1.26 (t, J=7.11 Hz, 3H), 1.30-1.52 (m, 2H), 3.14 (d,
J=6.88 Hz, 1H), 3.67 (d, J=14.07 Hz, 2H), 3.85 (tt, J=4.61,
7.61 Hz, 1H), 4.08 (d, I=14.02 Hz, 2H), 4.11-4.25 (m, 2H),
4.66 (d, I=4.59 Hz, 1H), 7.20-7.27 (m, 2H), 7.28-7.41 (m,
8H).

Step 2. Preparation of ethyl
(25*,3R*)-2-amino-3-hydroxy-pentanoate

In a pear flask, at rt, ethyl (2S*,3R*)-2-(dibenzylamino)-
3-hydroxy-pentanoate (0.165 g, 0.48 mmol) was dissolved in
EtOH (12 mL) and passed through the H-Cube® hydrogena-
tor flow reactor, using 10% Pd/C as catalyst [flow:1.0
ml./min; P=1.0 bar, T=70° C.]. After evaporation of the sol-
vent, the title compound was obtained as yellowish oil and
used without further purification in the following step. MS
(ESD) m/z: 162 [M-H]".

Step 3. Preparation of (25* 3R*)-2-amino-3-hydr
oxy-pentanoic acid

In a 35 ml microwave vial, ethyl (2S*,3R*)-2-amino-3-
hydr oxy-pentanoate (0.078 g, 0.48 mmol) was dissolved ina
6.0 M HCl aqueous solution (7.0 mL.) and stirred at 130° C.
for 30 min. The reaction mixture was concentrated under
reduced pressure and the resulting yellowish solid was used
without further purification in the following step. MS (ESI)
m/z: 134 [M-H]*; (ESD) m/z: 132 [M-H]".

Step 4. Preparation of (258*,3R*)-3-hydroxy-2-(5-
phenylpentoxy-carbonylamino)-pentanoic acid

To a stirred mixture of (2S* 3R*)-2-amino-3-hydroxy-
pentanoic acid (0.068 g, 0.51 mmol) and NaHCO; (0.128 g,
1.53 mmol) in H,O (2.0 mL), at rt, the isomeric mixture
containing S-phenyl-pentyl-2-pyridyl-carbonate and 5-phe-
nyl-pentyl-2-oxopyridine-1-carboxylate (0.218 g, 0.77
mmol) [prepared as for example 32, step 1] in THF (2.0 mL)
was added. After 15 h at rt, the crude mixture was rotary
evaporated to remove the organics and subsequently
extracted with Et,O (3x10 mL). The aqueous phase was
acidified with 2.0 M HCl solution to pH 2-3 and subsequently
extracted with AcOEt (3x20 mL). The organic fraction was
dried over Na,SO,, filtered and concentrated to dryness to
afford the title compound (0.076 g, 46% over 3 steps), as an
off-white solid, which was used in the next step without
further purification. MS (ESI) m/z: 324 [M-NH,]"; (ESI)
m/z: 322 [M-H]~. '"HNMR (DMSO-d,) § 0.85 (t, J=7.38 Hz,
3H), 1.28-1.49 (m, 4H), 1.50-1.68 (m, 4H), 2.58 (t, J=7.67
Hz, 2H), 3.79 (td, I=2.93, 6.83 Hz, 1H), 3.97 (t, J=6.60 Hz,
2H), 3.99-4.11 (m, 1H), 6.63 (d, J=9.23 Hz, 1H), 7.12-7.32
(m, SH).
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Step 5. Preparation of 5-phenylpentyl-N-[(2S*,3R*)-
2-ethyl-4-oxo-oxetan-3-yl]|-carbamate

Under nitrogen atmosphere, to a stirred mixture of (2S%,
3R *)-3-hydroxy-2-(5-phenylpentoxy-carbonylamino)-pen-
tanoic acid (0.07 g, 0.22 mmol) in dry CH,Cl, (10 mL), at 0°
C., Et;N (0.091 mL, 0.65 mmol) and subsequently TBTU
(0.083 g, 0.26 mmol) were added. The mixture was left stir-
ring at 0° C. for 1 h and at rt for 15 h. The organics were then
removed under reduced pressure, and the resulting crude
product purified by column chromatography, using a Tele-
dyne ISCO apparatus, eluting with Cy: AcOEt (from 90:10 to
70:30) to afford the pure title compound (0.043 g, 65%), as a
white solid. MS (ESI) m/z: 323 [M-NH,]*; (ESI) m/z: 304
[M-H]~. 'H NMR (DMSO-d,) 8 0.89 (t, J=7.43 Hz, 3H),
1.27-1.41 (m, 2H), 1.45-1.64 (m, 4H), 1.64-1.95 (m, 2H),
2.58 (t, I=7.66 Hz, 2H), 4.01 (t, J=6.49 Hz, 2H), 4.60 (dt,
J=6.08, 8.01 Hz, 1H), 5.45 (dd, =6.02, 9.42 Hz, 1H), 7.05-
7.38 (m, SH), 8.23 (d, I=9.41 Hz, 1H).

Example 50

(4-Phenylphenyl)-methyl-N-[(2S* 3R *)-2-ethyl-4-
oxo-oxetan-3-yl]-carbamate

Steps 1 to 3, as for Example 49.

Step 4. Preparation of (25*,3R*)-3-hydroxy-2-[(4-
phenylphenyl)-methoxy-carbonylamino]-pentanoic
acid

To a stirred mixture of (2S8*3R*)-2-amino-3-hydroxy-
pentanoic acid (0.068 g, 0.51 mmol) and NaHCO, (0.128 g,
1.53 mmol) in H,O (2.0 mL), at rt, the isomeric mixture
containing (4-phenylphenyl)-methyl-2-pyridyl carbonate
and (4-phenylphenyl)-methyl-2-oxopyridine-1-carboxylate
(0.233 g, 0.77 mmol) [prepared as for example 17, step 1] in
THF (2.0 mL) was added. After 15 h at rt, the crude mixture
was rotary evaporated to remove the organics and subse-
quently extracted with Et,O (3x10 mL). The aqueous phase
was acidified with 2.0 M HCI solution to pH 2-3 and subse-
quently extracted with AcOEt (3x20 mL). The organic frac-
tion was dried over Na,SO,, filtered and concentrated to
dryness to afford the title compound (0.164 g, 93% over 3
steps), as an off-white solid, which was used in the next step
without further purification. MS (ESI) m/z: 361 [M-NH,]*;
(BSI) m/z: 342 [M-H]~. 'H NMR (DMSO-d,) & 0.85 (t,
J=7.38 Hz, 3H), 1.42 (p, J=7.31 Hz, 2H), 3.81 (td, J=3.02,
6.87 Hz, 1H), 4.07 (dd, J=3.04, 9.23 Hz, 1H), 4.66 (s, 1H),
5.10 (s, 2H), 6.92 (d, J=9.21 Hz, 1H), 7.28-7.56 (m, 5H),
7.59-7.78 (m, 4H), 12.59 (s, 1H).

Step 5. Preparation of (4-phenylphenyl)-methyl-N-
[(2S*,3R*)-2-ethyl-4-0x0-0xetan-3-yl]-carbamate

Under nitrogen atmosphere, to a stirred mixture of (2S%,
3R *)-3-hydroxy-2-[(4-phenylphenyl)-methoxy-carbony-
lamino]-pentanoic acid (0.15 g, 0.44 mmol) in dry CH,Cl,
(20.0 mL), at 0° C., Et;N (0.183 mL, 1.31 mmol) and subse-
quently TBTU (0.168 g, 0.52 mmol) were added. The mixture
was left stirring at 0° C. for 1 h and at rt for 15 h. The organics
were then removed under reduced pressure, and the resulting
crude product purified by column chromatography, using a
Teledyne ISCO apparatus, eluting with Cy:AcOEt (from
100:0 to 70:30) to afford the pure title compound (0.054 g,
38%), as white solid. MS (ESI) m/z: 343 [M-NH,]*; (ESD)
m/z: 324 [M-H]~. "HNMR (DMSO-d,) 8 0.88 (t, I=7.41 Hz,
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3H), 1.56-1.88 (m, 2H), 4.61 (dt, J=6.07, 8.06 Hz, 1H), 5.11
(d, J=12.92 Hz, 1H), 5.15 (d, =12.92 Hz, 1H), 5.49 (dd,
J=5.97, 9.45 Hz, 1H), 7.29-7.57 (m, SH), 7.60-7.78 (m, 4H),
8.41 (d, 1=9.41 Hz, 1H).

Example 51

5-Phenylpentyl-N-[(2R*,3R *)-2-isopropyl-4-oxo-
oxetan-3-yl]-carbamate

Step 1. Preparation of ethyl (2R*)-2-(dibenzy-
lamino)-4-methyl-3-oxo-pentanoate

In a round bottomed flask, at -78° C., under argon atmo-
sphere, a solution of DIPA (1.6 ml, 9.3 mmol) in dry THF (40
ml) was treated with n-Bul.i (2.5 M in n-hexane, 3.4 ml, 8.5
mmol). After 30 min a solution of ethyl 2-(dibenzylamino)-
acetate [prepared as described in Example 47, step 1] (2.2 g,
7.8 mmol) in dry THF (40 ml) was added dropwise via can-
nula. After 15 min, 2-methyl-propanoyl chloride (2.4 mlL,,
23.3 mmol) was added dropwise at —78° C. and the mixture
stirred for 10 min at rt. The reaction was then quenched with
H,0, and Et,O was subsequently added. The organic layer
was washed with brine, dried over Na,SO,, filtered, and
concentrated in vacuo to give a crude product, as an oil.
Purification by column chromatography using a Teledyne
ISCO apparatus, eluting with Cy:AcOFEt (98:2) gave a crude
compound (3.2 g) as a mixture of two tautomers (ketone:
enol=ca. 65:35), as a colorless oil, which was used without
further purification in the following step. Ketone isomer: MS
(BSD) m/z: 354 [M-H]*; (BSI) m/z: 352 [M-H]~. 'H NMR
(DMSO-dy) 8 0.86 (d, I=6.73 Hz, 3H), 0.91 (d, J=7.01 Hz,
3H), 1.22 (t,J=7.11 Hz, 3H), 2.99 (hept, J=6.90 Hz, 1H), 3.78
(d, I=14.11 Hz, 2H), 3.84 (d, I=14.13 Hz, 2H), 4.10-4.24 (m,
2H), 4.29 (s, 1H), 7.17-7.48 (m, 10H). Enol isomer: MS (ESI)
m/z: 354 [M-H]*; (ESD) m/z: 352 [M-H]~. '‘H NMR
(DMSO-dy) § 0.48 (s, 3H), 0.50 (s, 3H), 1.43 (t, ]=7.09 Hz,
3H), 3.16-3.28 (m, 1H), 3.90 (d, J=12.66 Hz, 2H), 3.96 (d,
J=12.66 Hz, 2H), 4.38 (q, J=7.08 Hz, 2H), 7.10-7.46 (m,
10H), 12.32 (s, 1H).

Step 2. Preparation of ethyl (2R *)-2-(tert-butoxy-
carbonylamino)-4-methyl-3-oxo-pentanoate

In a pear flask, at rt, to a solution of ethyl (2R*)-2-(diben-
zylamino)-4-methyl-3-oxo-pentanoate (1.0 g, 2.83 mmol) in
EtOH (60 ml), di-tert-butyl dicarbonate (1.24 g, 5.67 mmol)
was added. The mixture was passed through the HCube®
hydrogenator flow reactor, using 10% Pd(OH),/C as catalyst
[flow:1.0 mL/min, P=1.0bar, T=70° C.]. After evaporation of
the solvent, the crude product was purified by column chro-
matography using a Teledyne ISCO apparatus, eluting with
Cy:AcOEt (from 90:10 to 50:50) to afford the title product
(0.58 g, 75% over 2 steps), as a colorless oil. MS (ESI) m/z:
274 [M-H]*; (ESI) m/z: 272 [M-H]~. "H NMR (DMSO-d,):
8 1.02 (d, J=6.87 Hz, 6H), 1.19 (t, J=7.11 Hz, 3H), 1.39 (s,
9H), 2.95 (p, J=6.87 Hz, 1H), 3.99-4.29 (m, 2H), 5.05 (d,
J=8.16 Hz, 1H), 7.56 (d, J=8.14 Hz, 1H).

Step 3. Preparation of ethyl (2R*,3R*)- and (2R*,
3S5%*)-2-(tert-butoxy-carbonylamino)-3-hydroxy-4-
methyl-pentanoate

In a round bottomed flask, at 0° C., under nitrogen atmo-
sphere, to a stirred solution of ethyl (2R*)-2-(tert-butoxy-
carbonylamino)-4-methyl-3-oxo-pentanoate (0.58 g, 2.13
mmol) in a 1:1 mixture of THF/EtOH (6.0 mL), NaBH,
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(0.021 g, 0.53 mmol) was added. The reaction was allowed to
warm to rt over a period of 2.0 h, then quenched with H,O and
the solvent evaporated. The crude mixture was dissolved in
AcOEt, washed with brine, dried over Na,SO,, filtered, and
concentrated in vacuo. Chromatographic purification using a
Teledyne ISCO apparatus, eluting with Cy:AcOEt (from
100:0to 70:30), afforded the title compound (0.28 g, 48%), as
a diastereoisomeric mixture (anti:syn==8:2), as a colorless oil.
MS (EST) m/z: 298 [M-Na]*; (EST) m/z: 334 [M-CH,COOQ]".
'H NMR (DMSO-d,) § 0.80 (d, J=6.73 Hz, 3H), 0.88 (d,
J=6.78 Hz, 3H), 1.18 (t, J=7.08 Hz, 3H), 1.37 (s, 9H), 1.67-
1.87 (m, 1H), 3.40 (q, J=5.82 Hz, 1H), 3.95-4.05 (m, 1H),
4.03-4.12 (m, 2H), 4.84 (d, J=5.99 Hz, 1H), 6.98 (d, J=8.76
Hz, 1H) (reported data refer to the major anti diastereoiso-
mer).

Step 4. Preparation of (2R* ,3R*)- and (2R*,35%)-2-
amino-3-hydroxy-4-methyl-pentanoic acid

In a 35 ml microwave vial, the diastereomeric mixture
containing ethyl (2R*3R*)- and (2R*,3S%*)-2-(tert-butoxy-
carbonylamino)-3-hydroxy-4-methyl-pentanoate (0.1 g, 0.36
mmol) was dissolved in a 6.0 M HCI solution (15 mL) and
stirred at 130° C. for 1 h. The reaction mixture was extracted
with Et,O (3x10 ml), and the aqueous phase concentrated
under reduced pressure giving a white crude solid (0.15 g).
The resulting diastereoisomeric mixture (anti:syn=8:2) was
used without further purification in the following step. MS
(BSI) m/z: 148 [M-H]*; (ESI) m/z 146 [M-H]~. '"H NMR
(DMSO-dy) § 0.91 (dd, J=6.56, 10.18 Hz, 6H), 1.92 (p,
J=7.10Hz, 1H), 3.42 (d, J=8.47 Hz, 1H), 3.79-3.99 (m, 1H),
5.71 (s, 1H), 7.69-8.64 (m, 3H), 13.54 (s, 1H) (reported data
refer to the major anti diastereoisomer) [see also Tetrahedron
2001, 57, 8267-8276].

Step 5. Preparation of (2R* ,3R*)- and (2R*,35%)-3-
hydroxy-4-methyl-2-(5-phenylpentoxy-carbony-
lamino)-pentanoic acid

To a stirred diastereomeric mixture containing (2R*,3R*)-
and (2R* ,35*)-2-amino-3-hydroxy-4-methyl-pentanoic acid
(0.058 g, 0.4 mmol) and NaHCOj; (0.035 g, 0.4 mmol) in H,O
(2.0 mL), at rt, the isomeric mixture containing S-phenyl-
pentyl-2-pyridyl-carbonate and 5-phenyl-pentyl-2-oxopyri-
dine-1-carboxylate (0.38 g, 1.4 mmol) [prepared as for
example 32, step 1] in THF (2.0 mL.) was added. After 15h at
rt, the crude mixture was rotary evaporated to remove the
organics and subsequently extracted with Et,O (3x10 mL).
The aqueous phase was acidified with 2.0 M HCl solution to
pH 2-3 and subsequently extracted with AcOEt (3x20 mL).
The organic fraction was dried over Na,SO,, filtered and
concentrated to dryness to afford the title compound (0.079 g,
59% over 2 steps), as a diastereoisomeric mixture (anti:
syn=38:2), as an off-white solid, which was used in the next
step without further purification. MS (ESI) m/z: 338 [M-H]*;
(ESI) m/z: 336 [M-H]~. '"H NMR (DMSO-dy) 8 0.81 (d,
J=6.69Hz,3H), 0.88 (d,J=6.77 Hz,3H), 1.32 (1t,J=5.81,9.52
Hz, 2H), 1.57 (td, J=4.08, 8.39 Hz, 4H), 1.70-1.84 (m, 1H),
2.56 (t, I=7.71 Hz, 2H), 3.40 (1, ]=6.09 Hz, 1H), 3.93 (t,
J=6.61 Hz, 2H), 3.96-4.04 (m, 1H), 4.84 (s, 1H), 7.12-7.21
(m, 4H), 7.27 (t, J=7.49 Hz, 2H), 12.00-12.96 (s, 1H) (re-
ported data refer to the major anti diastereoisomer).

Step 6. Preparation of 5-phenylpentyl-N-[(2R* 3R *)-
2-isopropyl-4-oxo-oxetan-3-yl]-carbamate

Under nitrogen atmosphere, to a stirred mixture of (2R*,
3R *)-3-hydroxy-4-methyl-2-(5-phenylpentoxy-carbony-
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lamino)-pentanoic acid and (2R*,35%*)-3-hydroxy-4-methyl-
2-(5-phenylpentoxy-carbonylamino)-pentanoic acid (0.076
g, 0.24 mmol) in dry CH,Cl, (10.0 mL), at 0° C., Et;N (0.2
ml, 1.44 mmol) and subsequently TBTU (0.091 g, 0.28
mmol) were added. The mixture was left stirring at 0° C. for
1 h and at rt for 15 h. The organics were then removed under
reduced pressure, and the resulting crude product purified by
column chromatography, using a Teledyne ISCO apparatus,
eluting with Cy:AcOEt (from 100:0 to 80:20) to afford the
pure title compound (0.041 g, 56%), as pure anti diastereoi-
somer, as white solid. MS (ESI) m/z: 337 [M-NH,]*; (ESI)
m/z: 318 [M-H]~. "HNMR (DMSO0-d,) 8 0.87 (d,J=6.75 Hz,
3H), 0.95 (d, J=6.55 Hz, 3H), 1.27-1.43 (m, 2H), 1.49-1.69
(m, 4H), 1.87-2.08 (m, 1H), 2.57 (t, J=7.67 Hz, 2H), 3.99 (t,
J=6.59 Hz, 2H), 4.22 (dd, J=4.39, 9.13 Hz, 1H), 4.73 (dd,
J=4.40,8.18 Hz, 1H), 7.10-7.35 (m, 5H), 8.06 (d, J=8.16 Hz,
1H).

Example 52

(4-Phenylphenyl)-methyl-N-[ (2R * 3R *)-2-isopropyl-
4-oxo0-oxetan-3-yl]-carbamate

Steps 1 to 4, as for Example 51.

Step 5. Preparation of (2R*,3R*)- and (2R*,35%)-3-
hydroxy-4-methyl-2-[ (4-phenylphenyl)-methoxy-
carbonylamino]-pentanoic acid

To a stirred diastereomeric mixture containing (2R*,3R*)-
and (2R* 35%*)-2-amino-3-hydroxy-4-methyl-pentanoic acid
(0.05 g,0.34 mmol) and NaHCOj; (0.03 g, 0.34 mmol) in H,O
(2.0 mL), atrt, the isomeric mixture containing (4-phenylphe-
nyl)-methyl-2-pyridyl carbonate and (4-phenylphenyl)-me-
thyl-2-oxopyridine-1-carboxylate (0.45 g, 1.48 mmol) [pre-
pared as for example 17, step 1] in THF (2.0 mL) was added.
After 15 h at rt, the crude mixture was rotary evaporated to
remove the organics and subsequently extracted with Et,O
(3x10 mL). The aqueous phase was acidified with 2.0 M HC1
solution to pH 2-3 and subsequently extracted with AcOEt
(3x20 mL). The organic fraction was dried over Na,SO,,
filtered and concentrated to dryness to afford the title com-
pound (0.06 g, 50% over 2 steps), as a diastereoisomeric
mixture (anti:syn=8:2), as an off-white solid, which was used
in the next step without further purification. MS (ESI) m/z:
358 [M-H]™; (ESI) m/z: 356 [M-H]~. "H NMR (DMSO-d)
80.82 (d,J=6.55Hz, 3H), 0.88 (d, J=6.92 Hz, 3H), 1.62-1.79
(m, 1H), 3.17 (dd, I=2.87, 9.15 Hz, 1H), 3.51 (d, J=9.16 Hz,
1H), 5.05 (s, 2H), 7.32-7.41 (m, 1H), 7.41-7.52 (m, 4H), 7.66
(td, J=1.74, 6.70, 7.42 Hz, 4H) (reported data refer to the
major anti diastereoisomer).

Step 6. Preparation of (4-phenylphenyl)-methyl-N-
[(2R*,3R*)-2-isopropyl-4-oxo-oxetan-3-yl]|-carbam-
ate

Under nitrogen atmosphere, to a stirred mixture of (2R*,
3R*)-3-hydroxy-4-methyl-2-[(4-phenylphenyl)-methoxy-
carbonylamino]-pentanoic acid and (2R*,35*)-3-hydroxy-4-
methyl-2-[(4-phenylphenyl)-methoxy-carbonylamino]-
pentanoic acid (0.059 g, 0.17 mmol) in dry CH,Cl, (7.0 mL),
at 0° C., Et;N (0.07 mL, 0.5 mmol) and subsequently TBTU
(0.065 g, 0.2 mmol) were added. The mixture was left stirring
at 0° C. for 1 h and at rt for 15 h. The organics were then
removed under reduced pressure, and the resulting crude
product purified by column chromatography, using a Tele-
dyne ISCO apparatus, eluting with Cy:AcOFEt (from 90:10 to
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80:20) to afford the pure title compound (0.01 g, 17%), as
pure anti diastereoisomer, as white solid. MS (ESI) m/z: 357
[M-NH,]*; (BST) m/z: 338 [M-H]". "H NMR (DMSO-d,) &
0.89 (d, J=6.79 Hz, 3H), 0.97 (d, J=6.57 Hz, 3H), 1.81-2.12
(m, 1H), 4.26 (dd, J=4.38, 9.11 Hz, 1H), 4.80 (dd, J=4.39,
8.16 Hz, 1H), 5.12 (s, 2H), 7.29-7.54 (m, 5H), 7.63-7.77 (m,
4H), 8.26 (d, J=8.21 Hz, 1H).

Example 53

5-Phenylpentyl-N-[(2S*,3R *)-2-isopropyl-4-0xo0-
oxetan-3-yl]-carbamate

Step 1. Preparation of ethyl (25* 3R*)-2-(dibenzy-
lamino)-3-hydroxy-4-methyl-pentanoate

To a stirred solution of ethyl (25*)-2-(dibenzylamino)-3-
oxo-pentanoate [prepared as for example 47, step 1] (2.76 g,
7.8 mmol) in EtOH (90 mL), at rt, a solution of NH,C1 (8.34
g, 156 mmol) in H,O (23 ml.) was added. NaBH,, (2.95 g, 78
mmol) was then added in small portions. After 1 h from the
last addition, the reaction was quenched with H,O and the
solvent evaporated. The crude mixture was taken up with H,O
and CH,Cl, and pH corrected to 9 with 20% NH_,OH aqueous
solution. After extraction, the organic phase was dried over
Na,SO,, filtered, and concentrated in vacuo to give a crude
product, as an oil. Purification by column chromatography
using a Teledyne ISCO apparatus, eluting with Cy:AcOEt
(90:10), gave the title compound (1.33 g, 48% over 2 steps),
as a pure syn diastereoisomer, as a colorless oil. MS (ESI)
m/z: 356 [M=H]*. "THNMR (DMSO-d,) 8 0.66 (d, J=6.69 Hz,
3H),0.71 (d,J=6.68 Hz, 3H), 1.26 (t, I=7.09 Hz, 3H), 1.66 (h,
J=6.63 Hz, 1H),3.24 (d, J=7.12 Hz, 1H),3.63 (d, J=13.94 Hz,
2H), 3.63 (m, 1H) 4.06 (d, J=14.06 Hz, 2H), 4.10-4.27 (m,
2H), 4.61 (d, J=4.60 Hz, 1H), 7.15-7.45 (m, 10H).

Step 2. Preparation of ethyl
s -2-amino-3- roxy-4-methyl-pentanoate
2S5%* 3R *)-2-amino-3-hydroxy-4 hyl-p

In a pear flask, at rt, ethyl (2S* ,3R*)-2-(dibenzylamino)-
3-hydroxy-4-methyl-pentanoate (1.24 g, 3.5 mmol) was dis-
solved in EtOH (75 mL) and passed through the H-Cube®
hydrogenator flow reactor, using 10% Pd/C as catalyst [flow:
1.0 mL/min; P=1.0 bar, T=70° C.]. After evaporation of the
solvent, the title compound (0.57 g, quant.) was obtained as
yellowish oil and used without further purification in the
following step. MS (ESI) m/z: 176 [M-H]*. 'H NMR
(DMSO-dy) 8 0.83 (d, J=6.72 Hz, 3H), 0.90 (d, J=6.69 Hz,
3H), 1.19 (t, J=7.10 Hz, 3H), 1.64-1.80 (m, 1H), 3.29 (dd,
J=3.36, 8.06 Hz, 1H), 3.35 (d, J=3.37 Hz, 1H), 4.08 (qd,
J=0.99, 7.13 Hz, 2H).

Step 3. Preparation of
(2S* 3R*)-2-amino-3-hydroxy-4-methyl-pentanoic
acid

In a 35 ml microwave vial, ethyl (2S*3R*)-2-amino-3-
hydroxy-4-methyl-pentanoate (0.232 g, 1.33 mmol) was dis-
solved ina 6.0 M HCl aqueous solution (25 mI) and stirred at
130° C. for 1 h. The reaction mixture was extracted with Et,O
(3x15 mL), the aqueous phase was concentrated under
reduced pressure resulting in a white solid (0.23 g, 81%),
which was used without further purification in the following
step. MS (ESI) m/z: 148 [M-H[*; (ESD) m/z: 146 [M-H]~.'H
NMR (DMSO-dy) 8 0.87 (d, J=6.64 Hz, 3H), 0.93 (d, J=6.50
Hz, 3H), 1.74 (tq, J=5.79, 6.46, 11.64 Hz, 1H), 3.51-3.60 (m,
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1H),3.92 (s, 1H), 5.76 (s, 1H), 8.12 (s, 3H), 13.72 (s, 1H) [see
also Tetrahedron 2001, 57, 8267-8276].

Step 4. Preparation of (25*,3R*)-3-hydroxy-4-me-
thyl-2-(5-phenylpentoxy-carbonylamino)-pentanoic
acid

To a stirred mixture of (2S*,3R*)-2-amino-3-hydroxy-4-
methyl-pentanoic acid (0.152 g, 1.04 mmol) and NaHCO,
(0.088 g, 1.05 mmol) in H,O (6.0 mL), at rt, the isomeric
mixture containing S-phenyl-pentyl-2-pyridyl-carbonate and
5-phenyl-pentyl-2-oxopyridine-1-carboxylate (0.96 g, 1.21
mmol) [prepared as for example 32, step 1] in THF (6.0 mL)
was added. After 15 h at rt, the crude mixture was rotary
evaporated to remove the organics and subsequently
extracted with Et,O (3x10 mL). The aqueous phase was
acidified with 2.0 M HCl solution to pH 2-3 and subsequently
extracted with AcOEt (3x20 mL). The organic fraction was
dried over Na,SO,, filtered and concentrated to dryness to
afford the title compound (0.145 g, 41%), as a yellowish
solid, which was used in the next step without further purifi-
cation. MS (ESI) m/z: 338 [M-H]*; (ESI) m/z: 336 [M-H]".
'H NMR (DMSO-dy) & 0.80 (d, J=6.63 Hz, 3H), 0.93 (d,
J=6.49 Hz, 3H), 1.28-1.41 (m, 2H), 1.50-1.69 (m, 4H), 1.81-
1.91 (m, 1H), 2.57 (d, I=7.67 Hz, 2H), 3.47 (d, ]=8.36 Hz,
1H), 3.89-3.99 (m, 2H), 4.15 (dd, J=2.83, 9.47 Hz, 1H), 4.58
(s, 1H), 6.64 (d, J=9.43 Hz, 1H), 7.10-7.32 (m, 5H), 12.43 (s,
1H).

Step 5. Preparation of S-phenylpentyl-N-[(2S* 3R*)-
2-isopropyl-4-oxo-oxetan-3-yl]-carbamate

Under nitrogen atmosphere, to a stirred mixture of (2S*,
3R *)-3-hydroxy-4-methyl-2-(5-phenylpentoxy-carbony-
lamino)-pentanoic acid (0.14 g, 0.43 mmol) in dry CH,Cl,
(20 mL), at 0° C., Et;N (0.18 mL, 1.3 mmol) and subse-
quently TBTU (0.17 g, 0.55 mmol) were added. The mixture
was left stirring at 0° C. for 1 h and at rt for 15 h. The organics
were then removed under reduced pressure, and the resulting
crude product purified by column chromatography, using a
Teledyne ISCO apparatus, eluting with Cy:AcOEt (from
100:0 to 80:20) to afford the pure title compound (0.052 g,
40%), as pure syn diastereoisomer, as a white solid. MS (ESI)
m/z: 337 [M-NH,]*; (ESI) m/z: 318 [M-H]". '"H NMR
(DMSO-dy) 8 0.75 (d, I=6.57 Hz, 3H), 0.96 (d, J=6.51 Hz,
3H), 1.25-1.39 (m, 2H), 1.52-1.65 (m, 4H), 2.03 (dt, J=6.53,
10.83 Hz, 1H), 2.57 (t, I=7.67 Hz, 2H), 4.01 (t, J=6.58 Hz,
2H), 4.24 (dd, J=5.92, 10.84 Hz, 1H), 5.44 (dd, J=5.92, 9.53
Hz, 1H), 7.13-7.34 (m, 5H), 8.27 (d, J=9.52 Hz, 1H).

Example 54

(4-Phenylphenyl)-methyl-N-[ (2S*,3R*)-2-isopropyl-
4-oxo0-oxetan-3-yl]-carbamate

Steps 1 to 3, as for Example 53.

Step 4. Preparation of (25*,3R*)-3-hydroxy-4-me-
thyl-2-[(4-phenylphenyl)-methoxy-carbonylamino]-
pentanoic acid

To a stirred diastereomeric mixture containing (2S*,3R*)-
2-amino-3-hydroxy-4-methyl-pentanoic acid (0.156 g, 1.06
mmol) and NaHCO; (0.09 g, 1.06 mmol) in H,O (5.0 mL), at
rt, the isomeric mixture containing (4-phenylphenyl)-methyl-
2-pyridyl carbonate and (4-phenylphenyl)-methyl-2-oxopy-
ridine-1-carboxylate (1.4 g, 4.6 mmol) [prepared as for
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example 17, step 1] in THF (5.0 mL.) was added. After 15 h at
rt, the crude mixture was rotary evaporated to remove the
organics and subsequently extracted with Et,O (3x10 mL).
The aqueous phase was acidified with 2.0 M HCl solution to
pH 2-3 and subsequently extracted with AcOEt (3x20 mL).
The organic fraction was dried over Na,SO,, filtered and
concentrated to dryness to afford the title compound (0.196 g,
52% over two steps), as a yellowish solid, which was used in
the next step without further purification. MS (ESI) m/z: 375
[M-NH,]*; (ESI) m/z: 356 [M-H]~. "H NMR (DMSO-dy) 8
0.82 (d, J=6.66 Hz, 3H), 0.92 (d, J=6.39 Hz, 3H), 1.54-1.70
(m, 1H), 3.51 (t, J=8.38 Hz, 1H), 4.20 (dd, J=2.88, 9.42 Hz,
1H), 4.63 (d,J=8.86 Hz, 1H), 5.11 (s, 2H), 6.94 (d, J=9.44 Hz,
1H), 7.37 (t, J=6.55 Hz, 1H), 7.44-7.52 (m, 4H), 7.63-7.75
(m, 4H), 12.57 (s, 1H).

Step 5. Preparation of (4-phenylphenyl)-methyl-N-
[(2S*,3R*)-2-isopropyl-4-0x0-oxetan-3-yl]|-carbam-
ate

Under nitrogen atmosphere, to a stirred mixture of (2S%,
3R*)-3-hydroxy-4-methyl-2-[ (4-phenylphenyl)-methoxy-
carbonylamino]-pentanoic acid (0.193 g, 0.54 mmol) in dry
CH,Cl, (25 mL), at 0° C., Et;N (0.23 mL, 1.65 mmol) and
subsequently TBTU (0.21 g, 0.65 mmol) were added. The
mixture was left stirring at 0° C. for 1 h and at rt for 15 h. The
organics were then removed under reduced pressure, and the
resulting crude product purified by column chromatography,
using a Teledyne ISCO apparatus, eluting with Cy:AcOEt
(from 90:10 to 80:20) to afford the pure title compound (0.041
g, 22%), as pure syn diastereoisomer, as white solid. MS
(BSI)m/z: 357 [M-NH,|*; (ESI) m/z: 338 [M-H]~. "THNMR
(DMSO-dy) 8 0.76 (d, J=6.58 Hz, 3H), 0.95 (d, J=6.50 Hz,
3H), 1.93-2.13 (m, 1H), 4.25 (dd, J=5.93, 10.87 Hz, 1H), 5.14
(s, 2H), 5.48 (dd, J=5.90, 9.49 Hz, 1H), 7.34-7.52 (m, 5H),
7.61-7.70 (m, 4H), 8.46 (d, J=9.48 Hz, 1H).

Example 55

(1,1-Dimethyl-5-phenyl-pentyl)-N-[ (2R * 3R *)-2-
isopropyl-4-oxo-oxetan-3-yl|-carbamate

Steps 1 to 4, as for Example 51.

Step 5. Preparation of (2R* ,3R*)- and (2R*,35%)-2-
[(1,1-dimethyl-5-phenyl-pentoxy)-carbonylamino]-
3-hydroxy-4-methyl-pentanoic acid

To a stirred diastereomeric mixture containing (2R*,3R*)-
and (2R* ,35*)-2-amino-3-hydroxy-4-methyl-pentanoic acid
(0.16 g, 1.08 mmol) and NaHCO; (0.23 g, 2.7 mmol) in H,O
(4.0 mL), at rt, the isomeric mixture containing (1,1-dim-
ethyl-5-phenyl-pentyl)-2-pyridyl carbonate and (1,1-dim-
ethyl-5-phenyl-pentyl)-2-oxopyridine-1-carboxylate (0.93 g,
2.98 mmol) [prepared as for example 25, step 1] in THF (4.0
ml.) was added. After 15 h at rt, the crude mixture was rotary
evaporated to remove the organics and subsequently
extracted with Et,0 (3x10 mL). The aqueous phase was
acidified with 2.0 M HCl solution to pH 2-3 and subsequently
extracted with AcOEt (3x20 mL). The organic fraction was
dried over Na,SO,, filtered and concentrated to dryness to
afford a crude product (0.117 g), mainly consisting of the title
compound, as a diastereoisomeric mixture (anti:syn=8:2),
together with unreacted starting material. The crude mixture
was used in the next step without further purification. MS
(ESI) m/z: 388 [M-NH,]*; (ESI) m/z: 364 [M-H]".
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Step 6. Preparation of (1,1-dimethyl-5-phenyl-pen-
ty])-N-[(2R* 3R *)-2-isopropyl-4-oxo-oxetan-3-yl]-
carbamate

Under nitrogen atmosphere, to a stirred mixture of (2R*,
3R*)-2-[(1,1-dimethyl-5-phenyl-pentoxy)-carbonylamino]-
3-hydroxy-4-methyl-pentanoic acid and (2R*,35*)-2-[(1,1-
dimethyl-5-phenyl-pentoxy)-carbonylamino]-3-hydroxy-4-
methyl-pentanoic acid (0.11 g, 0.30 mmol) in dry CH,Cl, (15
mL), at 0° C., Et;N (0.126 mL, 0.9 mmol) and subsequently
TBTU(0.116 g, 0.36 mmol) were added. The mixture was left
stirring at 0° C. for 1 h and at rt for 15 h. The organics were
then removed under reduced pressure, and the resulting crude
product purified by column chromatography, using a Tele-
dyne ISCO apparatus, eluting with Cy:AcOFEt (from 100:0 to
80:20) to afford the pure title compound (0.019 g, 18%), as
pure anti diastereoisomer, as white solid. MS (ESI) m/z: 365
[M-NH,]*; (ESI) m/z: 346 [M-H]~. '"H NMR (DMSO-d) 8
0.86 (d, J=6.66 Hz, 3H), 0.95 (d, J=6.54 Hz, 3H), 1.27-1.35
(m, 2H), 1.36 (s, 6H), 1.55 (p, J=7.56 Hz, 2H), 1.66-1.85 (m,
2H), 1.96 (dt, =6.52, 8.91 Hz, 1H), 2.57 (t, I=7.71 Hz, 2H),
4.17 (dd, J=4.40, 9.09 Hz, 1H), 4.69 (dd, J=4.40, 8.33 Hz,
1H), 7.11-7.33 (m, 5H), 7.81 (d, J=8.32 Hz, 1H).

Example 56

5-Phenylpentyl-N-[ (2R *,3R*)-2-tert-butyl-4-oxo-
oxetan-3-yl]-carbamate

Step 1. Preparation of ethyl (2S5*)-2-(dibenzy-
lamino)-4,4-dimethyl-3-oxo-pentanoate

In a round bottomed flask, at -78° C., under argon atmo-
sphere, a solution of DIPA (0.29 mL, 2.12 mmol) in dry THF
(10 ml) was treated with n-Buli (2.5 M in n-hexane, 0.776
ml, 1.94 mmol). After 30 min a solution of ethyl 2-(diben-
zylamino)-acetate [prepared as described in Example 47, step
11 (0.5 g, 1.77 mmol) in dry THF (10 mL.) was added drop-
wise via cannula. After 15 min, trimethylacetyl chloride (0.53
ml, 3.53 mmol) was added dropwise at =78° C. and the
mixture stirred for 10 min at rt. The reaction was then
quenched with H,O, and Et,O was subsequently added. The
organic layer was washed with brine, dried over Na,SO,,
filtered, and concentrated in vacuo to give a crude product as
an oil. Purification by column chromatography using a Tele-
dyne ISCO apparatus, eluting with Cy:AcOFEt (98:2) gave the
title compound (0.492 g, 76%) as a colorless oil. MS (ESI)
m/z: 368 [M-H|*; (ESI) m/z: 366 [M-H]". 'H NMR
(DMSO-dg) 9 0.93 (s, 9H), 1.16-1.25 (m, 3H), 3.79 (d,
J=13.97 Hz, 2H), 3.98 (d, J=13.96 Hz, 2H), 4.07-4.25 (m,
2H), 4.60 (s, 1H), 7.20-7.41 (m, 10H).

Step 2. Preparation of ethyl (2S*)-2-(tert-butoxy-
carbonylamino)-4,4-dimethyl-3-oxo-pentanoate

In a pear flask, at rt, to a solution of (2S8*)-2-(dibenzy-
lamino)-4,4-dimethyl-3-oxo-pentanoate (2.5 g, 6.8 mmol) in
EtOH (150 ml), di-tert-butyl dicarbonate (2.96 g, 13.6 mmol)
was added. The resulting solution was divided into two ali-
quots and each passed through the H-Cube® hydrogenator
flow reactor, using 10% Pd(OH),/C as catalyst [flow:1.0
ml./min, P=1.0 bar, T=70° C.]. The aliquots were combined
and, after evaporation of the solvent, the crude product was
purified by column chromatography using a Teledyne ISCO
apparatus, eluting with Cy:AcOFEt (from 90:10 to 50:50) to
afford the title product (1.24 g, 64%), as a colorless oil. MS
(ESI)m/z: 286 [M—H]~. 'H NMR (DMSO-dg) 8 1.15 (s, 9H),
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1.18(t,J=7.10 Hz, 3H), 1.39 (s, 9H), 4.12 (q, J=7.09 Hz, 2H),
532 (d, 1=8.75 Hz, 1H), 7.64 (d, ]=8.72 Hz, 1H).

Step 3. Preparation of ethyl (2R*,3R*)- and (2R*,
3S5%*)-2-(tert-butoxy-carbonylamino)-3-hydroxy-4,4-
dimethyl-pentanoate

In a round bottomed flask, at 0° C., under nitrogen atmo-
sphere, to a stirred solution of (2S*)-2-(tert-butoxy-carbony-
lamino)-4,4-dimethyl-3-oxo-pentanoate (1.19 g, 4.12 mmol)
in a 1:1 mixture of THF/EtOH (26 mL.), NaBH,, (0.058.5 g,
1.55 mmol) was added. The reaction was allowed to warm to
rt over a period of 1 h, then quenched with H,O and the
solvent evaporated. The crude mixture was dissolved in
AcOEt, washed with brine, dried over Na,SO,, filtered, and
concentrated in vacuo. Chromatographic purification using a
Teledyne ISCO apparatus, eluting with Cy:AcOEt (70:30)
afforded the title compound (0.995 g, 83%), as a diastereoi-
someric mixture (anti:syn=9:1), as a colorless oil. MS (ESI)
m/z: 312 [M-Na]*; (ESI) m/z: 348 [M-CH,COO]". 'H NMR
(DMSO-dy) 8 0.86 (s, 9H), 1.17 (t, I=7.03 Hz, 3H), 1.36 (s,
9H), 3.37 (t, J=6.39 Hz, 1H), 4.03 (q, J=7.05 Hz, 2H), 4.08-
4.17 (m, 1H), 5.01 (d, J=5.94 Hz, 1H), 7.15 (d, J=8.75 Hz,
1H).

Step 4. Preparation of (2R* ,3R*)- and (2R*,35%)-2-
amino-3-hydroxy-4,4-dimethyl-pentanoic acid

In a round-bottomed flask, the diastereomeric mixture con-
taining (2R*;3R*)- and (2R*,35*)-2-(tert-butoxy-carbony-
lamino)-3-hydroxy-4,4-dimethyl-pentanoate (0.4 g, 1.38
mmol) was dissolved in a 6.0 M HCl solution (30 mL). The
resulting solution was divided into two equal aliquots and
stirred at 130° C. for 1 h. All portions were joined and the
reaction mixture extracted with Et,O (3x20 mL). The aque-
ous phase was concentrated under reduced pressure giving a
yellowish solid crude product, as a diastereoisomeric mixture
(anti:syn=9:1), which was used without further purification in
the following step. MS (ESI) m/z: 162 [M-H]*; (ESI) m/z:
160 [M-H]".

Step 5. Preparation of (2R* ,3R*)- and (2R*,35%)-3-
hydroxy-4,4-dimethyl-2-(5-phenylpentoxy-carbony-
lamino)-pentanoic acid

To a stirred diastereomeric mixture containing (2R*,3R*)-
and (2R*;3S%)-2-amino-3-hydroxy-4,4-dimethyl-pentanoic
acid (0.23 g, 1.38 mmol) and NaHCO; (0.118 g, 1.4 mmol) in
H,O (5.0 mL), at rt, the isomeric mixture containing 5-phe-
nyl-pentyl-2-pyridyl-carbonate and 5-phenyl-pentyl-2-ox-
opyridine-1-carboxylate (0.57 g, 2.0 mmol) [prepared as for
example 32, step 1] in THF (5.0 mL.) was added. After 15h at
rt, the crude mixture was rotary evaporated to remove the
organics and subsequently extracted with Et,O (3x10 mL).
The aqueous phase was acidified with 2.0 M HCl solution to
pH 2-3 and subsequently extracted with AcOEt (3x20 mL).
The organic fraction was dried over Na,SO,, filtered and
concentrated to dryness to afford the title compound (0.34 g,
70% over 2 steps), as a diastercoisomeric mixture (anti:
syn=9:1), as an off-white solid, which was used in the next
step without further purification. MS (ESIT) m/z: 352 [M-H]*;
(ESI)m/z: 350 [M-H]~. 'H NMR (DMSO-dy) 8 0.87 (s, 9H),
1.27-1.41 (m, 2H), 1.57 (q, J=7.46 Hz, 4H), 2.57 (t, J=7.70
Hz, 2H), 3.36 (t, I=7.52 Hz, 2H, under water signal), 3.85-
4.15 (m, 3H), 7.13-7.32 (m, 5H), 7.32 (d, J=8.56 Hz, 1H),
11.91 (s, 1H) (reported data refer to the major anti diastere-
oisomer).
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Step 6. Preparation of 5-phenylpentyl-N-[(2R* ,3R*)-
2-tert-butyl-4-oxo-oxetan-3-yl]-carbamate

Under nitrogen atmosphere, to a stirred mixture of (2R*,
3R*)-3-hydroxy-4,4-dimethyl-2-(5-phenylpentoxy-carbo-
nylamino)-pentanoic acid and (2R*,35*)-3-hydroxy-4,4-
dimethyl-2-(5-phenylpentoxy-carbonylamino)-pentanoic
acid (0.325 g, 0.92 mmol) in dry CH,Cl,, (40 mL). at 0° C.,
Et;N (0.38 mL, 2.77 mmol) (0.2 mL, 1.44 mmol) and subse-
quently TBTU (0.356 g, 1.11 mmol) were added. The mixture
was left stirring at 0° C. for 1 h and at rt for 15 h. The organics
were then removed under reduced pressure, and the resulting
crude product purified by column chromatography, using a
Teledyne ISCO apparatus, eluting with Cy:AcOEt (from
90:10 to 70:30) to afford the title compound (0.165 g, 54%),
as pure anti diastereoisomer, as white solid. MS (ESI) m/z:
351 [M=NH,]*; (ESI) m/z: 332 [M-H]". '"H NMR (DMSO-
dg) 8 0.94 (s, 9H), 1.29-1.39 (m, 2H), 1.52-1.65 (m, 4H), 2.58
(t, J=7.65 Hz, 2H), 4.01 (t, J=6.59 Hz, 2H), 4.33 (d, J=4.66
Hz, 1H), 4.76 (dd, J=4.65, 8.16 Hz, 1H), 7.11-7.36 (m, 5H),
8.05 (d, I=8.15 Hz, 1H).

Example 57

(4-Phenyl-phenyl)-methyl-N-[ (2R * 3R *)-2-tert-bu-
tyl-4-oxo-oxetan-3-yl]-carbamate

Steps 1 to 3, as for Example 56.

Step 4. Preparation of (2R*,3R*)- and (2R*,35*)-3-
hydroxy-4,4-dimethyl-2-[(4-phenyl-phenyl)-meth-
oxy-carbonylamino]-pentanoic acid

To a stirred diastereomeric mixture containing (2R*,3R*)-
and (2R*3S%*)-2-amino-3-hydroxy-4,4-dimethyl-pentanoic
acid (0.288 g, 1.78 mmol) and NaHCO; (0.15 g, 1.8 mmol) in
H,O (7.0 mL), at rt, the isomeric mixture containing (4-phe-
nylphenyl)-methyl-2-pyridyl carbonate and (4-phenylphe-
nyl)-methyl-2-oxopyridine-1-carboxylate (0.82 g, 2.68
mmol) [prepared as for example 17, step 1] in THF (7.0 mL)
was added. After 15 h at rt, the crude mixture was rotary
evaporated to remove the organics and subsequently
extracted with Et,O (3x10 mL). The aqueous phase was
acidified with 2.0 M HCl solution to pH 2-3 and subsequently
extracted with AcOEt (3x20 mL). The organic fraction was
dried over Na,SO,, filtered and concentrated to dryness to
afford the title compound (0.21 g, 32% over 2 steps), as a
diastereoisomeric mixture (anti:syn=9:1), as an off-white
solid, which was used in the next step without further purifi-
cation. MS (ESI) m/z: 410 [M-K]*; (ESI) m/z: 370 [M-H]".
'H NMR (DMSO-dy) 8 0.88 (s, 9H), 3.40 (d, J=7.37 Hz, 1H),
4.09-4.18 (m, 1H), 5.08 (s, 2H), 5.08 (s, broad, 1H), 7.33-7.53
(m, 5H), 7.60 (d, J=8.97 Hz, 1H), 7.63-7.72 (m, 4H), 12.21 (s,
1H) (reported data refer to the major anti diastereoisomer).

Step 5. Preparation of (4-phenyl-phenyl)-methyl-N-
[(2R*,3R*)-2-tert-butyl-4-oxo-oxetan-3-yl]-carbam-
ate

Under nitrogen atmosphere, to a stirred mixture of (2R*,
3R*)-3-hydroxy-4,4-dimethyl-2-[ (4-phenyl-phenyl)-meth-
oxy-carbonylamino|-pentanoic acid and (2R*,3S*)-3-hy-
droxy-4,4-dimethyl-2-[ (4-phenyl-phenyl)-methoxy-
carbonylamino]-pentanoic acid (0.203 g, 0.55 mmol) in dry
CH,CI, (25 mL), at 0° C., Et;N (0.23 mL, 1.65 mmol) and
subsequently TBTU (0.21 g, 0.66 mmol) were added. The
mixture was left stirring at 0° C. for 1 h and at rt for 15 h. The
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organics were then removed under reduced pressure, and the
resulting crude product purified by column chromatography,
using a Teledyne ISCO apparatus, eluting with Cy:AcOEt
(from 90:10 to 80:20) to afford the pure title compound (0.063
g, 58%), as pure anti diastereoisomer, as white solid. MS
(BES)m/z: 371 [M-NH,|*; (ESI) m/z: 352 [M-H]~. "THNMR
(DMSO-dy) 8 0.95 (s, 9H), 4.37 (d, J=4.64 Hz, 1H), 4.83 (dd,
J=4.65,8.16 Hz, 1H), 5.14 (s, 2H), 7.32-7.56 (m, 5H), 7.60-
7.75 (m, 4H), 8.25 (d, I=8.12 Hz, 1H).

Example 58

5-Phenylpentyl-N-[(2S*,3R *)-2-tert-butyl-4-oxo-
oxetan-3-yl]-carbamate

Step 1. Preparation of ethyl (25* 3R*)-2-(dibenzy-
lamino)-3-hydroxy-4,4-dimethyl-pentanoate

To a stirred solution of ethyl ethyl (2S5*)-2-(dibenzy-
lamino)-4,4-dimethyl-3-oxo-pentanoate [prepared as for
example 47, step 1] (0.637 g, 1.73 mmol) in EtOH (22 mL), at
rt, a solution of NH,Cl1 (1.86 g, 34.7 mmol) in H,O (7.0 mL)
was added. NaBH,, (0.656 g, 17.3 mmol) was then added in
small portions. After 1 h from the last addition, the reaction
was quenched with H,O and the solvent evaporated. The
crude mixture was taken up with H,O and CH,Cl, and pH
corrected to 9 with 20% NH,OH aqueous solution. After
extraction, the organic phase was dried over Na,SO,, filtered,
and concentrated in vacuo to give a crude product, as an oil.
Purification by column chromatography using a Teledyne
ISCO apparatus, eluting with Cy:AcOEt (90:10), gave the
title compound (0.55 g, 86%), as a pure syn diastereoisomer,
as a colorless oil. MS (ESI) m/z: 370 [M-H]*. '"H NMR
(DMSO-dy) 6 0.63 (s, 9H), 1.31 (t, J=7.10 Hz, 3H), 3.18 (d,
J=9.26 Hz, 1H),3.39(d, J=13.54 Hz, 2H), 3.63 (d, J=8.98 Hz,
1H), 3.92 (d, J=13.53 Hz, 2H), 4.10-4.31 (m, 2H), 4.35 (s,
1H), 7.20-7.47 (m, 10H).

Step 2. Preparation of ethyl (2S* 3R*)-2-amino-3-
hydroxy-4,4-dimethyl-pentanoate

In a pear flask, at rt, ethyl (2S* ,3R*)-2-(dibenzylamino)-
3-hydroxy-4,4-dimethyl-pentanoate (2.0 g, 5.6 mmol) was
dissolved in EtOH (110 mL) and passed through the
H-Cube® hydrogenator flow reactor, using 10% Pd/C as cata-
lyst [flow:1.0 mL./min; P=1.0 bar, T=70° C.]. After evapora-
tion of the solvent, the title compound (0.74 g, 70%) was
obtained as yellowish oil and used without further purifica-
tion in the following step. MS (ESI) m/z: 190 [M-H]*. 'H
NMR (DMSO-dg) 8 0.90 (s, 9H), 1.20 (t, J=7.11 Hz, 3H),
3.35 (d, J=2.95 Hz, 1H), 3.44 (d, J=2.92 Hz, 1H), 4.05-4.13
(m, 2H).

Step 3. Preparation of
(25* 3R*)-2-amino-3-hydroxy-4,4-dimethyl-pentanoic
acid

In a round-bottomed flask, ethyl (2S*3R*)-2-amino-3-
hydroxy-4,4-dimethyl-pentanoate (0.596 g, 3.7 mmol) was
dissolved in a 6.0 M HCI solution (70 mL). The resulting
solution was divided into two equal aliquots and stirred at
130° C. for 1 h. All portions were joined and the reaction
mixture extracted with Et,O (3x50 ml). The aqueous phase
was concentrated under reduced pressure and the resulting
yellowish solid crude product (0.675 g, 93%) was used with-
out further purification in the following reaction. MS (ESI)
m/z: 162 [M-H|*; (ESI) m/z: 160 [M-H]". 'H NMR
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(DMSO-dg) 8 0.91 (s, 9H), 3.66 (d, J=3.24 Hz, 1H), 3.89 (s,
1H), 5.95 (d, J=6.39 Hz, 1H), 7.92 (s, 3H), 13.88 (s, 1H).

Step 4. Preparation (2R*,35*)-3-hydroxy-4,4-dim-
ethyl-2-(5-phenyl-pentoxy-carbonylamino)-pen-
tanoic acid

To a stirred mixture of (2S* 3R*)-2-amino-3-hydroxy-4,
4-dimethyl-pentanoic acid (0.36 g, 2.24 mmol) and NaHCO,
(0.188 g, 2.24 mmol) in H,O (15 mL), at rt, the isomeric
mixture containing S-phenyl-pentyl-2-pyridyl-carbonate and
5-phenyl-pentyl-2-oxopyridine-1-carboxylate (1.95 g, 6.84
mmol) [prepared as for example 32, step 1] in THF (15 mL)
was added. After 15 h at rt, the crude mixture was rotary
evaporated to remove the organics and subsequently
extracted with Et,O (3x40 mL). The aqueous phase was
acidified with 2.0 M HCl solution to pH 2-3 and subsequently
extracted with AcOEt (3x40 mL). The organic fraction was
dried over Na,SO,, filtered and concentrated to dryness to
afford the title compound (0.346 g, 44%), as an off-white
solid, which was used in the next step without further purifi-
cation. MS (ESI) m/z: 352 [M-H]*; (ESI) m/z: 350 [M-H]".
"HNMR (DMSO-dy) § 0.86 (s, 9H), 1.33 (tt, I=5.95, 9.00 Hz,
2H), 1.57 (ddt, J=3.93, 6.59, 10.94 Hz, 4H), 2.57 (t, J=7.70
Hz, 2H), 3.59 (s, 1H), 3.87-4.03 (m, 2H), 4.12-4.21 (m, 1H),
6.25 (d, I=9.37 Hz, 1H), 7.10-7.32 (m, SH), 11.55 (s, 1H).

Step 5. Preparation S-phenylpentyl-N-[(2S* 3R *)-2-
tert-butyl-4-oxo-oxetan-3-yl]-carbamate

Under nitrogen atmosphere, to a stirred mixture of (2R*,
3S8*)-3-hydroxy-4,4-dimethyl-2-(5-phenyl-pentoxy-carbo-
nylamino)-pentanoic acid (0.346 g, 0.98 mmol) in dry
CH,CI, (45 mL), at 0° C., Et;N (0.41 mL, 2.95 mmol) and
subsequently TBTU (0.38 g, 1.20 mmol) were added. The
mixture was left stirring at 0° C. for 1 h and at rt for 15 h. The
organics were then removed under reduced pressure, and the
resulting crude product purified by column chromatography,
using a Teledyne ISCO apparatus, eluting with Cy:AcOEt
(from 90:10 to 70:30) to afford the pure title compound (0.125
g,38%), as white solid. MS (ESI) m/z: 351 [M-NH,]*; (ESD)
m/z: 332 [M-H]~. "H NMR (DMSO-d,) 8 0.93 (s, 9H), 1.34
(h, J1=6.37,7.16 Hz, 2H), 1.53-1.65 (m, 4H), 2.57 (t, J=7.69
Hz, 2H), 4.02 (q, J=6.25 Hz, 2H), 4.36 (d, J=6.24 Hz, 1H),
5.56 (dd, J=6.32, 8.47 Hz, 1H), 7.07-7.34 (m, 5H), 8.38 (d,
J=8.48 Hz, 1H).

Example 59

(4-Phenyl-phenyl)-methyl-N-[(2S*,3R *)-2-tert-bu-
tyl-4-oxo-oxetan-3-yl]-carbamate

Steps 1 to 3, see example 58.

Step 4. Preparation of (25*,3R*)-3-hydroxy-4,4-
dimethyl-2-[(4-phenyl-phenyl)-methoxy-carbony-
lamino]-pentanoic acid

To a stirred mixture of (2S* 3R*)-2-amino-3-hydroxy-4,
4-dimethyl-pentanoic acid (0353 g, 2.19 mmol) and
NaHCO; (0.184 g, 0.84 mmol) in H,O (15 mL), at rt, the
isomeric mixture containing (4-phenylphenyl)-methyl-2-py-
ridyl carbonate and (4-phenylphenyl)-methyl-2-oxopyri-
dine-1-carboxylate (0.815 g, 2.2 mmol) [prepared as for
example 17, step 1] in THF (15 mL) was added. After 15h at
rt, the crude mixture was rotary evaporated to remove the
organics and subsequently extracted with Et,O (3x20 mL).
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The aqueous phase was acidified with 2.0 M HCl solution to
pH 2-3 and subsequently extracted with AcOEt (3x20 mL).
The organic fraction was dried over Na,SO,, filtered and
concentrated to dryness to afford the title compound (0.181 g,
21%), which was used in the next step without further puri-
fication. MS (ESI) m/z: 410 [M-K]*; (EST) m/z: 370 [M-H]".

Step 5. Preparation of (4-phenyl-phenyl)-methyl-N-
[(2S* 3R *)-2-tert-butyl-4-ox0-oxetan-3-yl]|-carbam-
ate

Under nitrogen atmosphere, to a stirred mixture of (2S%,
3R*)-3-hydroxy-4,4-dimethyl-2-[ (4-phenyl-phenyl)-meth-
oxy-carbonylamino]-pentanoic acid (0.18 g, 0.48 mmol) in
dry CH,Cl, (20 mL), at 0° C., Et;N (0.203 mL, 1.45 mmol)
and subsequently TBTU (0.186 g, 0.6 mmol) were added. The
mixture was left stirring at 0° C. for 1 h and at rt for 15 h. The
organics were then removed under reduced pressure, and the
resulting crude product purified by column chromatography,
using a Teledyne ISCO apparatus, eluting with Cy:AcOEt
(from 90:10 to 80:20) to afford the pure title compound (0.011
g, 6%), as a white solid. MS (ESI) m/z: 371 [M-NH,]*; (ESI)
m/z: 352 [M-H]~. "H NMR (DMSO-d,) 8 0.93 (s, 9H), 4.38
(d, J=6.24 Hz, 1H), 5.15 (d, J=2.85 Hz, 2H), 5.61 (dd, J=6.18,
8.50 Hz, 1H), 7.23-7.81 (m, 9H), 8.58 (d, J=8.48 Hz, 1H).

Example 60

Effect of Compound 6 on Carrageenan-Induced
Inflammatory Responses in Mice

The results herein demonstrate the anti-inflammatory
activity of compound 6 and its pharmacological mechanism.
NAAA is predominantly expressed in innate immune cells,
suggesting a role for this enzyme in inflammation. Previous
studies have shown that NAAA inhibitors cause profound
anti-inflammatory effects in mice by increasing PEA signal-
ling through the nuclear receptor PPAR-alpha (see Solorzano
C, et al (2009) Proc Natl Acad Sci USA. 106:20966-71).

The Methods include the following: Carragenan (1%) was
injected into the left hind paw of Swiss albino mice. Paw
edema was measured using a plethysmomether. Cutaneous
hyperalgesia (thermal) was assesed by the plantar test (see
Hargreaves K, et a 1 (1988), Pain 32: 77-88). Compound 6
was administered topically. Data were analysed by ANOVA
followed by Bonferroni’s test for multiple comparisons.

This Example, and FIGS. 3-6, demonstrate that compound
6 produces marked anti-inflammatory and anti-hyperalgesic
effects in the carrageenan model of acute inflammation. As
previously shown for other NAAA inhibitors, these effects
are mediated by PPAR-alpha.

Example 61
Effect on Skin Integrity: Comparison with Steroids

The results herein demonstrate the effect of repeated topi-
cal administration of compound 6 on skin integrity.

This experiment evaluated the effect of repeated (14 days)
topical dosing with compound 6 or dexamethasone on skin
integrity

The results demonstated that repeated administration of
topical steroids such as dexamethasone causes skin atrophy,
which is a serious limitation to the therapeutic use of these
agents (See Schoepe et al (2006), Exp Dermatol 15: 406-
420). The results also show that PPAR-alpha activators coun-
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teract adverse events of glucocorticoids on epidermis (see
Demerjian et al, (2009), Exp Dermatol 18: 643-649)

The methods included the following. Drug or vehicle were
given topical to both ears of CD1 mice for 14 days. Ear
thickness was determined by using a micrometer. Histopatho-
logical analyses were conducted on formalin-fixed, paraffin-
embedded ear sections 5 mm thick and stained with Hema-
toxylin-Eosin. Epidermal thickness was measured with
standard morphometric methods from 12 different samplings
spanning the treated area of each ear. Data were analysed by
ANOVA followed by Bonferroni’s test for multiple compari-
sons. Repeated administration (14 days) of compound 6 (1
and 30%) did not affect skin integrity measured as reduction
of ear thickness. The histopathological and morphometric
analysis of ears showed no alterations of cellular structure.
The results show that the repeated administration of dexam-
ethasone caused skin atrophy as suggested by a significant
reduction in skin thickness. Histopathological and morpho-
metric analyses revealed that dexamethasone-induced skin
atrophy was associated with: Reduction of epidermis thick-
ness; Loss of epidermal cytoarchitecture, from multilayered
columnar epithelium to a single layer; and Morphological
changes of keratinocytes (smaller and flattened).

These results show that compound 6 does not demonstrate
the limitation to long term use that certain steroids do with
regard to the disruption of skin integrity (skin atrophy). This
is an unexpected results and a significant advancement in the
treatment of skin related disorders.

Example 62
DNFB-Induced Dermatitis in Mice

The results herein demonstrate the effects of compound 6
in DNFB dermatitis.

The results herein demonstrate the effect on increase of ear
edema (flares).

This experiment determined the efficacy of compound 6 in
the DNFB model of contact dermatitis. This experiment also
compared compound 6 with certain reference compounds.

This experiment tested several criteria including the fol-
lowing. NAAA inhibitors are shown to exert a marked anti-
inflammatory effects by preventing PEA degradation and
reinstating PEA activation of PPAR« (see Solorzano C, et al
(2009) Proc Natl Acad Sci USA. 106:20966-71). PEA has
been shown to have a protective effect in human and animal
dermatitis (see Petrosino et al, (2010), Allergy, 65:698-711).
PPARa-deficient mice are shown to be more sensitive to
contact allergens than are wild-type mice (Dubrac et al,
(2011), EurJ Immunol, 41:1-12)

The methods included the following. Dermatitis was pro-
duced in mice using 2-4 dinitrofluorobenzene (DNFB) as
described by Buckley and Nijkamp (1994), Am J Respir Grit
Care Med 149:400-7. Mice were sensitized on two consecu-
tive days with a 0.5% DNFB solution applied to the shaved
abdomen. At day 8, the ears were challenged with a 0.2%
DNEFB solution. Ear thickness was determined by using a
micrometer. Scratching was evaluated as number of episodes
per 60 minutes period. Data were analysed by ANOVA fol-
lowed by the Bonferroni’s test. See also Hargreaves K, et al
(1988), Pain 32: 77-88 for related information.

The results herein show that compound 6 reverses estab-
lished DNFB-induced ear edema (therapeutic effect). In the
repeated dosing protocol compound 6 is effective in the dose-
range of 0.01-1%. Full efficacy is observed after 3 days of
administration. Compound 6 efficacy is also noted in a single
dosing protocol. Full efficacy is seen at doses of 10-30%.
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Compound 6 prevents DNFB-induced increased ear edema
(prophylactic effect). A repeated dosing protocol was used (8
days before DNFB challenge). Efficacy is complete at doses
0f 0.1-1%.

The results herein also show the effects on the immune
response of Compound 6 in DNFB-induced dermatitis

This experiment expands the efficacy profile of compound
6 on the immunological alterations commonly associated
with dermatitis

This works shows that atopic dermatitis is characterized by
dysregulation of the immune response mainly due to a T cell
dominant inflammation (see Leung et al; (2004), J. Clinical
Investigation, 113:651-657). This work shows that DNFB is a
chemical hapten that activates T cells (Heylings et al, (1996)
Toxicology. 109: 57-65). Also, this work shows that com-
pound 6 is effective on DNFB-induced edema

The methods include the following. Dermatitis in mice was
induced with 2-4 Dinitrofluorobenzene (DNFB) as previ-
ously described. I.-4, IL-5, IFN-g, and IgE blood levels were
determined by immunoassays. The effect of compound 6 was
tested using a single treatment protocol. Data were analysed
by ANOVA followed by Bonferroni’s test for multiple com-
parisons

The results herein show that topical administration of com-
pound 6 normalizes compromised immunological responses
in DNFB dermatitis. The results herein also show thata single
administration of compound 6 provides full efficacy at a dose
range of 1 to 30%. The results herein show that the effect of
compound 6 is superior to that of steroids. Also, the effects of
compound 6 are mediated by normalization of PEA and OEA
signaling at PPAR-a.

Effects of Compound 6 in DNFB Dermatitis—Breaking the
ITtch-Scratch Cycle

This experiment expands the efficacy profile of compound
6 to dermatitis-associated scratching.

The itch-scratch cycle is a common medical issue associ-
ated with atopic dermatitis and other dermatoses. Exacerba-
tion of scratching can lead to skin lesions thus creating a
suitable environment for pathogens to cause infection and
flaring of symptoms. Very little is available to break the itch-
scratch cycle.

This experiment shows that compound 6 is effective on
other dermatitis-associated effects.

The methods include the following. Itching in mice was
induced with DNFB as previously described. Additional stud-
ies were done with 48/80 model (an inducer of mast cell
degranulation). 48/80 was given subcutaneously (30 mg per
kg). Data were analysed by ANOVA followed by Bonferro-
ni’s test for multiple comparisons. The topical administration
of'a single dose of compound 6 prevented itching (assessed as
scratching) in mice. In the DNFB model compound 6 is
effective at doses as low as 0.001%. Full effect is seen at
1-3%.

In the 48/80 model of mast cell degranulation compound 6
is effective at doses as low as 0.01% and the effect is maximal
at 1%. In the DNFB model, compound 6 is very effective
either on established symptoms (therapeutic effect) or on
prevention of symptom development (prophylactic effect).
This experiment also shows that pharmacological potency
was maximized by a repeated administration protocol, but
efficacy was seen also after single dosing indicating that the
compound is suitable for a loading dose approach. Further,
DFNB in mice causes dysregulation of the immunological
response as it has been observed in atopic dermatitis patients.
The results herein show that compound 6 is able to stabilize
the immunological profile following DNFB administration.
This effect is a further index of therapeutic efficacy.
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The results herein show that compound 6 is able to reduce
scratching due to either DNFB irritation or 48/80-induced
mast cell degranulation. This suggests efficacy in a largely
intractable symptom. In the experimental protocols herein,
the efficacy of compound 6 was comparable or superior, to
that of reference drugs. Accordingly, compound 6 is a prom-
ising compound to treat atopic dermatitis and other derma-
toses associated with itch.

The content of all references recited herein is incorporated
by reference herein for all purposes and in the entirety.

Example 62
Inhibition of h-NAAA

Human NAAA (h-NAAA) Protein Preparation

The assay was run in Optiplate 96-wells black plates, in a
total reaction volume of 200 mL.. NAAA protein preparations
(4 ng) were pre-incubated for 10 minutes with various con-
centrations of test compounds or vehicle control (5% DMSO)
in 100 mM citrate/phosphate buffer (pH 4.5) containing 3.0
mM DTT, 0.1% Triton X-100, 0.05% BSA, 150 mM NaCl.
N-(4-methyl-2-oxo-chromen-7-yl)-hexadecanamide ~ was
used as a substrate (5.0 pM) and the reaction carried over for
30 minutes at 37° C. Fluorescence in the samples was quan-
tified in a Perkin Elmer Envision plate reader using an exci-
tation wavelength of 360 nm and emission 460 nm. ICy,
values were calculated by non-linear regression analysis of
log [concentration|/inhibition curves using GraphPad Prism
5 (GraphPad Software Inc., CA—USA) applying a standard
slope curve fitting.
UPLC/MS h-NAAA Assay

NAAA protein preparation (10 ng) was pre-incubated with
various concentrations of test compound or vehicle control in
100 mM NaH,PO,, 100 mM Tri Sodium Citrate Dehydrate,
0.1% Triton-X 100, 3 mM DTT, pH 4.5 for 30 min at 37° C.
Duplicate samples were then incubated with 50 uM C17:1
10-cis-heptadecenoylethanolamide (Avanti Polar Lipids,
Alabaster, Ala—USA) at 37° C. for 30 minutes. The reaction
was terminated by the addition of 0.2 mL of cold methanol
containing 1 nmol of heptadecanoic acid (NuChek Prep, Ely-
sian, Minn.—USA) as internal standard. Samples were then
analyzed by UPLC/MS. Heptadecenoic and heptadecanoic
acids were eluted on an Acquity UPLC BEH C18 column (50
mm length, 2.1 mm i.d., 1.7 um pore size, Waters) isocrati-
cally at 0.5 mL/min for 1.5 min with a solvent mixture o 95%
methanol and 5% water, both containing 0.25% Acetic Acid
and 5 mM Ammonium Acetate. The column temperature was
40° C. Electrospray ionization was in the negative mode,
capillary voltage was 2.7 kV, cone voltage was 45 V, extractor
voltage was 3 V. The source temperature was 150° C. with a
desolvation temperature of 400° C. N, was used as drying gas
ata cone flow of 100 L/hour and a desolvation flow of 800° C.
The [M-H]-ion was monitored in the selected-ion monitoring
mode (m/z values: heptadecenoic acid 267.37, heptadecanoic
acid 269.37). Calibration curves were generated using com-
mercial heptadecenoic acid (NuCheck Prep) Inhibition of
NAAA activity was calculated as reduction of heptadecenoic
acid in the samples compared to vehicle controls. IC,, values
were calculated by non-linear regression analysis of log [con-
centration)/inhibition curves using GraphPad Prism 5
(GraphPad Software Inc., CA—USA) applying a standard
slope curve fitting.
Fluorogenic h-NAAA Assay

The assay was run in Optiplate 96-wells black plates, in a
total reaction volume of 200 ul.. NAAA protein preparation
(4.0 ug) was pre-incubated for 10 min with various concen-



US 9,353,075 B2

147

trations of test compounds or vehicle control (5% DMSO) in
100 mM citrate/phosphate buffer (pH 4.5) containing 3.0 mM
DTT, 0.1% Triton X-100, 0.05% BSA, 150 mM NaCl. N-(4-
methyl-2-0xo-chromen-7-yl)-hexadecanamide was used as a
substrate (5.0 uM) and the reaction carried over for 30 min at
37°C. The samples were then read in a Perkin Elmer Envision
plate reader using an excitation wavelength of 360 nm and
emission 460 nm. IC50 values were calculated by non-linear
regression analysis of log [concentration]/inhibition curves
using GraphPad Prism 5 (GraphPad Software Inc.,
CA—USA) applying a standard slope curve fitting.

Although the foregoing invention has been described in
some detail by way of illustration and example for purposes
of clarity of understanding, one of skill in the art will appre-
ciate that certain changes and modifications may be practiced
within the scope of the appended claims. In addition, each
reference provided herein is incorporated by reference in its
entirety to the same extent as if each reference was individu-
ally incorporated by reference. Where a conflict exists
between the instant application and a reference provided
herein, the instant application shall dominate.
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What is claimed is:

1. A compound of the formula:

0 0

PR

o N O
H

or a pharmaceutically acceptable salt thereof or ester of
such compound.

2. A pharmaceutical composition comprising a compound
of'claim 1, or a pharmaceutically acceptable salt thereof, and
a pharmaceutically acceptable carrier.
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